THE JOURNAL 


OF 


BIOLOGICAL CHEMISTRY 


FOUNDED BY CHEISTIAN A HERTER AND SUSTAINED IN PART BY THE CHRISTIAN A. HERTER 
MEMORIAL FUND 


| 


EDITED FOR THE AMERICAN SOCIETY OF BIOLOGICAL CHEMISTS 


EDITORIAL BOARD 


RUDOLPH J. ANDERSON ELMER V. MCCOLLUM 
STANLEY R. BENEDICT WILLIAM C. ROSE 
W. MANSFIELD CLARK DONALD D. VAN SLYKE 


VOLUME 115 
BALTIMORE 
19036 


| 

t 

| 

| 


Coryuiunr, 1946 
ny 
THE JOURNAL OF BIOLOGICAL CHEMISTRY 


PUBLISHED AT CORNELL UNIVERSITY MEDICAL COLL ron 
THE JOURNAL OF BIOLOGICAL CHEMISTRY, INC 
WAVERLY PRESS, 

Bartimore, U.S. A. 


j 


a 


CONTENTS OF VOLUME 115 


No. 1, Aueust, 1936 


PAGE 


Aterep, and Lupewic, Srernan. The blood plasma cho- 
lesterol and phospholipid phosphorus in rats following partial 
hepatectomy and following ligation of the bile duct 

Coarence P. The resolution of dl-lysine.. 

Evans, BE. A., and Scuoenneimer, 8-Cholesterol. . 

Rupove, and Ber tiner, Friepa. The preparation 
of lithocholie acid from cholesterol. 

Harry A new method for the de termination of 
methionine in proteims........ 

Harry D. The sulfur distribution i in proteins. IL The 
combined methods for the determination of cystine, methionine, 
and sulfates in hydriodic acid digests.......... 

Royvp, Expon M. The extraction of lipids from the ved Meed cells 

kiIRDEMANN, Theopore E., and Kiaas, Rosauinp. The determina- 
tion of ethyl aleohol......... “ 

Kennera A, A stabilised photos Jectrie colorime ter with 

and Nine MANN, Carn. On hood fibrin. A contribu- 
tion to the prob lem of protein structure eveoceseecencenaeneeans 

Witttam Martas, and Srensuck, FREDERICK A. Effect of 
short electric waves on sterol colloids 

pe Viengaup, Vincent, and Hunt, Mapison. The synthesis of 
d-carnosine, the enantiomorph of the naturally occurring form, 
and a study of its depressor effect on the blood pressure. ......... 

SODANSKY, Oscar. The effect of a-amino acids and magnesium on the 
activity of kidney and intestinal phosphatases , 

Appis, T., Poo, L. J., and Lew, W. The quantities of protein heat by 
the various organs and tissues of the body during a fast. 

Appis, T., Poo, L. J., and Lew, W. Protein loss from liver during a 

Hloreman, Roserr M., and Danitecs, Farrinaron. The formation 
of vitamin D bv cathode rays ewes 

\Mezincescu, M. D., and Szano, F. Method for the determination of 


Ayres, B., and Ler, Minron. stien of the nitrogen 


(HARGAFF, Exwin, Bancrort, FREvE ric W., and STANLEY-BROWN, 
MIanGcaner. Studies on the chemistry of blood coagulation. 


ill 


101 


117 


119 


131 


139 


17 
19 
29 
37 
7 
87 
| | 


IV Contents 


I. The measurement of the inhibition of blood clotting. Methods 
and units : 

CHARGAFF, Erwin, Bancrorr, Frepertc W., and Srantey-Brown, 
MARGARET. Studies on the chemistry of blood coagulation. II. 
On the inhibition of blood clotting by substances of high molecular 

Scorr, ALeira Hoppina, and Berc, Bensamin Blood lactic acid 
following the administration of insulin in cats without the adrenal 
medulla 

Pearson, Ovor H. The reaction of eyvanide with the hemoevanin of 


Limulus polyphemus 


Lock, Eunice, Jesse L.. and Mann, Frank Effect of 
diet on phosphate compounds in the liver of the dog 
Frock, Euntcr, Jesse L.. and Mann, Frank Effect of 


certain substances on the phosphate compounds in the liver of the 
dog 

Puock, Eunice. Effect of autolysis on the phosphate compounds ith 
the liver of the dog 

Sinctark, Roserr Gorpvon. Blood phospholipid as a transport 
mechanism 

Micnakuis, Leonor, and Scuunerr, Dimethvigiveine 
buffer. 

Heipr, Lawrence J. The ultraviolet absorption spectra of thyroxine, 
thyronine, tyrosine, diiodotyrosine, and thyroglobulin 

Jacons, Wavcrer A., and Craic, Lyman The ergot alkaloids. NI. 
Isomeric dihydrolysergic acids and the structure of lysergic acid 

CoutuierR, Vines, Jr. Determination of chlorides in biological ma- 
terials. | 

ELpERFIELD, Rosert C. On thevetin 

Levene, P. A., Rornenx, ALEXANDRE, and Marker, R. bk. Optical 
rotations and rotatory dispersions in homologous series of nli- 
phatic nitriles 

Levenk, P. A., and Marker, R. E Optical rotations in homologous 
series of aliphatic amines 

LeveNE, P. A. Note on the hydrogenation of phenviated carbinols 

Larson, P. S., and Brewer, Grorce. The relation of the adrenal 
medulla to the effeet of insulin on purine metabolism 

HorcenkKiss, D., and Gorser, Warruer Derivatives of 
glucuronic acid. VII. The synthesis of aldobiomie acids 

SroucuTon, Roger W. A method for the quantitative determination 
of phenols 

Marks. Granam W. The effect of glutathione and other substances 
on the inactivation of catalases 

Ditter, Isaac M. Photoelectric colorimeter 

ANDERSON, Ruperts. The attempted use of crystals as calenum elec- 


trodes. 


140 


71 
= 

JG 

a 

st) 

© 

| 


(Contents 


Lupewie, Srerewanx, and CHanutin, Atrrep. The lipoid phosphorus 
content of hypertrophied hearts and kidneys in the rat.......... 
Lanoiey, Witson and Evans, MarGcarer. The determination of 
creatinine with sodium 


No. 2, 1936 


Rueinnercer, Marcarer B. The nitrogen partition in the urine of 
Various primates 
Tatnorr, Joun H., and Superman, Jane M. Urate distribution in 

Jones, James H. The relation of serum phosphates to parathyroid 
tetany 
Sone., Aceerr Deexrer, J., and Narecson, Estima- 
tion of small amounts of cholesterol as the pyridine cholesteryl 
sulfate 
Derekrer, J.. Somer, Atnerr E., and Naretson, Samvew. Frae- 
tionation of cholesterol in blood by preeipitation as pyridine cho- 
lesteryv! sulfate and cholesterol digitonide 
Levene, P. Rorues, ALEXANDRE, and Meyer, G. M. Configura- 
tional relationship of members of disubstituted acetic and pro- 
pionte acids containing an ethyl group ban 
Levene, and Roruwesx, ALEXANDRE. Optical rotations of con- 
figurationally related azides 
Gren, and Hatenz, H. 
tain tissues of normal and anemic albino rats 
Tuayer, Stoney A., and Doty, Eowarp A. 
Phe isolation of the principal estrogenie substanee of liquor fol- 


The distribution of tron in cer- 


Evans, Je. Purther evidence for the absence of allocholesterol 
from the organism 

Evvensem, C. A., and Harr, B. Further studies 
on the availability of copper from various sources as a supplement 
to iron in hemoglobin formation 

Harry, and Nensox, J. On the oxidation product of 
eatechol when oxidized by means of tyrosinase 

Poster, G. L.. Patwer, Wavrer W., and Letanp, Jessica P. A com- 
parison of the calorigenie potencies of /-thyroxine, d/-thyroxine, 
and thyroid gland. With a note on the thyroxine content of the 
acid-soluble fraction of the peptic digest of thyroid protein 

Crowe, M. OL. The ultraviolet absorption spectrum curve of 
phthioeol, a pigment of the human tubercle bacillus. Plate 1 

Hane, Fo G. The effeet of altitude on the affinity of hemoglobin for 
oxvgen 

Leek, James Meueray. Liver proteins. IL. The question of protein 


storage 


450 


479 


491 


333 
343 
361 
371 
| 
| 
HWS 
124 
35 
| | 
|| 
|| 
|| 
| | 


vl Contents 


Ravin, A. Colorimetric determination of acetone by the salicvlalde- 


hyde method 


Nevratu, Hans, and Butt, Henry B. The denaturation 


and hvydra- 


Senproy, Juuivus, Jr., Suepitovsky, Tureopore, and Betcurr, Down- 
ALD. The validity of determinations of the pH of whole blood at 


thirty-eight degrees with the glass electrode 
Dyer, M., and pu VINCENT. 


glutathione in connection with a cvstine-deficient diet 
R. Studies in histochemistry. 


Guick, Davip, and BiskInp, GERSON 


IX. The quantitative distribution of vitamin © 


gland at various stages of develop: 
LEPKOVSKY, Samven, Jukes, THomas 


Warwes, Epna, and STEARNS, GENEV 


nent. Plate 2 


The utilization of 


in the adrenal 


H.. and Krause, E 
The multiple nature of the third factor of the vitamin B eomplex 
IEVE. Studies of phosphorus of 


blood. V. A comparative study of acid and enzymatic hydrolysis 
of the acid-soluble organic phosphorus, with particular reference 


to the phosphoglycerate fraction 
Sumner, James B., and Hower, Sr 


acky F. The role 


of divalent 


metals in the reversible inactivation of jack bean hemagglutinin 
Atmaqvuist, H. J. Purification of the antihemorrhagic vitamin by dis- 


tillation 


No. 3, Octo 


RER. 1046 


BERGMANN, Max, Zervas, Leonipas, and Joseru On 
proteolytic enzymes. XI. The specificity of the enzyme Papain 


Peptidase I 


Goupsmit, Arnoupus, Jr. On the origin of urinary creatinine 


Fisner, Rorertr E., Jane 


and Cort Cann F. 


(ilyveogen 


disappearance and carbohydrate oxidation in hypophyseetomized 


SCHOENHEIMER, Rupo.r, RITTENBERG 


Bere, Bensamin N., and 


Rovussevor, Lovis. Deuterium as an indicator in the study of 
intermediary metabolism. VII. Studies in bile acid formation 
Bopansky, Meyer. Comparison of glycine and guanidoacetic acid as 


precursors of creatine.......... 
Srerpuens, D. J., and 

ascorbic acid in blood , 
Hogan, Atsert G., GuerrRant, 


EE. The partition of reduced 


and Rirreure, 


S 


Additional observations on the anemia caused by deamunized 


casein 


STrantey, W. M. Chemical studies on the virus of tobacco mosaic. 
VII. An improved method for the preparation of erystalline to- 


bacco mosaic virus protein 
Wuircner, L. B., Boonrr, Leva E., 


and Sueeman, 


Further 


51a 


| 


tas 


= 
ree 


Contents vu 


studies on the calcium content of the body in relation to the eal- 

cium and phosphorus content of the food........................ 679 
Torrrer, E. W., and Suerman, H. C. The effect of liberal intakes 

of calcium or calcium and phosphorus on growth and body caleium. 685 
Conner, R. T., and Suerman, H. C. Some aspects of protein intake 


in relation to growth and rate of calcification.................... 695 
C. A., Koeun, C. J., Jn., and OLteson, J. J. A new essen- 

Meyer, Curtis E., and Rose, Witttam C. The spatial configuration 

of a-amino-8-hydroxy-n-butyric acid. ........ 721 
Levene, P. A., and Tirson, R. Sruarr. An improved method for the 

Ronzont, Eernec, and Eurxenrest, The effect of dinitrophenol 


(ineennenc, Davio M., and Larson, Clarence E. Remarks on the 
paper by Tendeloo on a new and easy method for the potentio- 
metric determination of calcium concentrations in solutions...... 769 

Dakin, H. D., C. C., and West, Ranpouen. Further ob- 
servations on the chemical nature of a hematopoietic substance 


‘ 


t 


THE BLOOD PLASMA CHOLESTEROL AND PHOSPHOLIPID 
PHOSPHORUS IN RATS FOLLOWING PARTIAL HEPA- 
TECTOMY AND FOLLOWING LIGATION OF THE 
BILE DUCT* 


By ALFRED CHANUTIN ann STEPHAN LUDEWIG 
(From the Laboratory of Physiological Chemistry, University of Virginia, 
University) 


(Received for publication, May 1, 1936) 


Thannhauser and Sehaber (1) first suggested that the values of 
the plasma cholesterol esters might be of importance in the diag- 
nosis of hepatic damage in humans. Recently Epstein (2) has 
demonstrated that parenchymatous disease of the liver in man is 
associated generally with a marked reduction of the cholesterol 
esters of the blood. He further found that obstruction of the 
common bile duet in patients was accompanied by an increase in 
the total blood cholesterol and usually by an absolute increase in 
the cholesterol esters. There has been little work in experimental 
animals with impaired liver function to compare with the results 
obtained in patients with hepatic damage. It is the purpose of 
this investigation to study the effeet on cholesterol and phospho- 
lipid metabolism of rats (1) following partial hepatectomy and (2) 
following ligation of the bile duet. 


Methods 


Albino rats of Wistar stock, raised in this laboratory, were used 
as experimental animals. The animals were between 90 and 100 
days of age at the time of operation. Partial hepatectomy was 
performed according to the technique of Higgins and Anderson (3), 
thus removing 65 to 75 per cent of the total liver tissue. The 
ligation of the bile duet was carried out according to the method of 
Richter and Benjamin (4). Ether anesthesia was used and no 


* This investigation was supported in part by the Josiah Macey, Jr., 
Foundation. 
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2 Cholesterol and Phospholipid Metabolism 


attempt was made to use aseptic precautions. Laparotomy was 
performed in the control animals. 

The animals were fed on a stock diet! and were allowed food up 
to the time they were sacrificed. Blood was drawn from the 
abdominal aorta under ether anesthesia in the majority of animals. 
In the animals with ligated bile ducts surviving for about 2 weeks, 
blood was drawn by cardiac puncture or from the carotid artery, 
since considerable amounts of fluid were frequently present in the 
abdominal cavity. The blood was prevented from clotting by use 
of potassium oxalate. 

The micromethod of Schoenheimer and Sperry (5) was used for 
determining the free and esterified cholesterol. The procedures 
for extraction, saponification, precipitation with digitonin, and 
development of color were rigidly followed. A Bausch and Lomb 
spectrophotometer was used in place of the Pulfrich photometer, 
Special cells (made by Bausch and Lomb) 5 em. in length, holding 
about 2 ecc., were used for holding the solution. The specific 
extinction coefficient for cholesterol was determined at a wave- 
length of 615 mu and an average value of 1.400 was obtained and 
used in the calculation. Phosphatide phosphorus was determined 
according to the procedure recommended by Man and Peters (6). 


Results 


Partial Hepatectomy — The individual results for free and ester- 
ified cholesterol and the percentage of esterified cholesterol are 
presented in Fig. 1. The mean values for the free and combined 
cholesterol for twenty-six control animals were 22.6 and 51.7 mg. 
per 100 cc. of plasma, respectively; the esterified cholesterol was 
70 per cent of the total cholesterol. On the Ist day after opera- 
tion, the free cholesterol remained normal, with a mean value of 
27.5 mg. per cent, but there was a marked decrease in the esterified 
cholesterol to 27.3 mg. per cent (fourteen rats). The esterified 
cholesterol decreased to a mean value of 50 per cent of the total 
cholesterol. On the 2nd day, the average concentration of the 
free cholesterol increased markedly to 39.1 mg. per cent. In 
thirteen of the seventeen rats, the concentration of the esterified 
cholesterol returned to within the normal range. On the 3rd day, 


1 Bal Ra, purchased from Valentine's Meat Juice Company, Richmond, 
Virginia. 
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the free and esterified cholesterol and the percentage of cholesterol 
esters returned to within the normal range. Except for two 
animals, all the values after this time remained normal. 

Ligation of the Bile Duct-—-The individual results for the free 
and esterified cholesterol and the percentage of combined choles- 
terol are presented in Fig. 2. It can be seen that most of the 
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esterified values vary within normal limits. Of the 111 values 
in experimental rats for esterified cholesterol, eleven were below 
the minimum normal and thirty-four were above the maximum 
normal: the lowest and the highest concentrations were 15 and 109 
mg. per cent, respectively. The values for free cholesterol are 
above the normal range in the majority of instances. The per- 
centage of esterified cholesterol was below normal in most cases 


s+ | 
- 
40 
la 


4 Cholesterol and Phospholipid Metabolism 


because the ester fraction did not increase proportionately with 
the free cholesterol. It is interesting to note that there are such 
marked increases during the first few days after ligation. The 
highest concentrations were obtained about 2) weeks after 
operation, 
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Fic. 2. Effect of ligation of bile duet on blood prlsastrice cholesterol 


In those animals in which ligation appeared to be successful, a 
marked jaundice was evident on the Ist day. There was a progres- 
sively increasing dilatation of the duct with time. After the 9th 
day the duct was markedly dilated by a greenish bile or a bloody 
bile mixture. There was no consistency in the analytical results 
in individual animals that appeared to have the same amount of 
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jaundice and bile duet dilatation. A number of animals showed 
only a small amount of dilatation of the bile duct a week or more 
after ligation without any sign of cholemia. These animals must 
have had patent accessory duets (4), since it was found at autopsy 
that the duet was transected and the cholesterol ‘values were 
normal. ‘The mortality in this group was greatest about 1 week 
after ligation. 
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Pia. 3. Effeet of partial hepateetomy and ligation of bile duet on relation 
of phospholipid and free cholesterol, 


Relation of Phospholipid and Free Cholesterol The individual 
plasma phosphatide phosphorus and free cholesterol concentra- 
tions in the partially hepateetomized and ligated duet groups are 
presented in Fig. 3. It is seen that there is a direct proportion- 
ality between these two constituents. 


Comment 


The removal of about 70 per cent of the total liver tissue in the 
rat caused a definite decrease in the cholesterol esters of the blood 
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plasma 24 hours after operation. According to Higgins and 
Anderson (3) the regeneration of liver tissue at this time is not 
appreciable. In addition, the water content of the liver remnant 
is markedly reduced, which is probably due to the immediate 
shock of the operation. Presumably the dehydration of the liver 
remnant reduces its function and accounts for the decrease im 
cholesterol esters. With increased water content and increased 
mitotic activity of the liver remnant (3), the esters return to nor- 
mal on the 2nd and 8rd days after operation. The evidence 
obtained in the partially hepatectomized rats appears to confirm 
the results obtained in patients with hepatic damage. 

The blood plasma cholesterol values obtained in the rats with 
ligated bile ducts were variable. All of the animals with jaundice 
and dilated bile ducts showed hypercholesteremia and most of the 
values for the esterified cholesterol were within the normal range 
or slightly above normal. ‘The hypercholesteremia noted in these 
rats with obstructive jaundice is consistent with the results ob- 
tained in man (2) and the dog (7). Epstein (2) reported that in 
one-half of his obstructive jaundice cases, the cholesterol esters 
rose proportionately with the free cholesterol; in other cases, the 
ester fraction did not rise sufficiently to maintain the normal ratio, 
and in eight of the forty-three cases there was a fall in cholesterol 
esters. Hawkins and Wright (7) demonstrated that ligation of 
the common bile duct in the dog caused an increase in the absolute 
amount of cholesterol esters which paralleled the hypercholestere- 
mia. The cholesterol ester concentration was reduced in these ani- 
mals only after superimposing added damage by the administration 
of chloroform. The cholesterol esters in the blood of the jaundiced 
rat with ligated bile ducts did not parallel the free cholesterol, re- 
sulting in a lowered cholesterol ester ratio. 

Sinclair (8S) has reviewed the significance of the phospholipid to 
free cholesterol ratio. © Data have been presented which show a 
high correlation of free cholesterol and phospholipid) phosphorus 
over a wide range of concentrations. No adequate explanation 
ean be given for this relationship. 


SUMMARY 


The concentration of blood plasma free and ester cholesterol and 
phospholipid phosphorus was determined at frequent mtervals im 
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rats subjected to ligation of the bile duet and to partial hepa- 
tectomy. 

A marked decrease in the cholesterol esters was noted on the 
Ist day after partial hepatectomy. This was assumed to be due 
to marked damage of the liver remnant. The esters returned to 
normal on the 2nd and 3rd days. The free cholesterol concen- 
tration Was inereased on the 2nd day after operation, 

In the animals with ligated bile ducts, there was an inerease in 
the coneentration of free cholesterol. The esters were within the 
normal range or slightly above normal. 

The phospholipid phosphorus varied directly with the free 
cholesterol concentrations in the animals subjected to both 
partial hepatectomy and ligation of the bile duet. 
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THE RESOLUTION OF dl-LYSINE* 
By CLARENCE P. BERG 


(From the Biochemical Laboratory, State University of lowa, Towa City) 
(Reeeived for publication, May 4, 1936) 


Several procedures for the preparation of dl-lysine are recorded 
in the literature, among the synthetic methods the recent rela- 
tively simple and inexpensive one of Eck and Marvel (7). The 
present communication describes the separation of dl-lysine into 
its optical components. The procedure provides the only step 
still necessary to complete the manufacture of natural dextro- 
rotatory /(-+ )-lvsine! entirely from a non-protein source. It also 
renders available for the first time the unnatural levorotatory 
d(—) modification, of interest to us for use in comparative growth 
studies. 


EXPERIMENTAL 


We have resolved di-lysine by fractionally crystallizing its 
camphorates from 50 per cent methyl alcohol. The (+ )-lysine 
compound with d-eamphoric acid is the less soluble and hence the 
more readily purified; with -eamphore acid the reverse is true. 
The lysine isomers are readily isolated from the camphorates as 
the dihvdrochlorides, 

Preparation of d- and lLCamphoric Acids The d-camphorie 
acid was obtained by oxidizing refined d-camphor with nitric 
acid, as direeted by Noyes (13). Unchanged camphor was 
removed and the erude camphoric acid was purified through the 
anhydride, essentially as outlined by Aschan (1, a, 6). From 


* This communication was presented in abstract before the American 
Society of Biologieal Chemists at Washington, March 26, 1936 (Pree. Am. 
Soe. Brol. Chem., 8, 19386); J. Brol. Chem., 114 (1936)). 

‘Since natural lysine belongs to the / series of amino acids (Karrer, 
Escher, and Widmer (10); Lutz and Jirgensons (12)), but is dextrorotatory, 
specific designation by both letter and sign as suggested by Freudenberg 
and Rhine (OS) for similar cases seems less confusing 


10 Resolution of d/-Lysine 


100 gm. of d-camphor, 70 to 85 gm. of crude d-camphorie acid 
(93 to 64 per cent of the theoretical) and 50 to 65 gm. of the 
purified product (38 to 49 per cent) were readily obtained. Physi- 
cal constants appear in Table I. 

The /-camphoric acid was prepared from /-borneol,? a source 
recommended by Campbell (5) as being more satisfactory than 
l-eamphor. The method used was essentially identical with that 
outlined above for the preparation of d-camphorie acid from 
d-camphor. From LOO of d-borneol (used as purchased, with- 


TaBLe | 


Physical Constants of d-Camphor, l-Borneol, and d- and l-Camphoric Acids 


M corrected in absolute lution ® 
Compound 

Observed Reference Observed Keference 

degrees 
d-Camphor? 17s 178.6 (14) +4404 +44 20 (14)! 

(-Borneolt 206-207) 208-209 (9) $5. 85 37.74 (2) 
d-Camphoric acid (14) t48.45) +47.75 (14)§ 
IST (1, ©) +49 7 (1c) 
l-Camphoric “ 187.5 (14) is 47 is 12 (14)3 


The figures in parentheses denote bibliographic reference numbers. 

* The concentration was that used in the reference cited. All readings 
by the author were at 20 . 

+t The camphor and borneol! used by us were as purchased ; the references 
are to purified preparations. 

+ Read at 16°. 

§$ Read at 17°. 

Read at 16.5°; white light used. 


out purification) 73 gm. of crude L-camphoric acid (56.2 per cent) 
and 42 gm. of the highly purified product (82.3 per cent) were 
readily obtained. Physical constants of the borneol and = the 
‘amphoric acid are recorded in Table 1. 

Preparation of dl-Lysine Dihydrochloride — The syuthesis of Eek 
and Marvel (7) was used with only minor changes. It seemed 
more convenient to prepare the eyclohexanoneoxime according to 
the method of Bousquet (4), suggested by eck and Marvel as an 
alternative procedure. Acetone was found more satisfactory than 


? Obtained from The British Drug Houses, Ltd, London. 
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ether for the precipitation of lysine dihydrochloride from the aleo- 
hol solution of its syrup. When ether is used, the lysine dihydro- 
chloride becomes gummy unless the syrup is sufficiently con- 
centrated. Acetone prevents this because it also dehydrates. 
Physical properties and analyses may be found in Table III. The 
over-all yield and, with but one exception, also the yields at each 
step of the synthesis were as good as those claimed by the authors 
of the method. 

Preparation of Lysine Camphorates—-YTo 76.7 gm. of dl-lysine 
dihydrochloride (0.35 mole) dissolved in approximately 200 ce. 
of water was added slightly over 0.35 mole of freshly prepared 
silver oxide. The mixture was shaken to facilitate the precipita- 
tion of the chloride, the latter was filtered off, and excess silver was 
removed from the filtrate as the sulfide. The filtrate was partially 
concentrated in vacuo, 35.0 gm. of d-camphoric acid (0.175 mole) 
dissolved in methyl aleohol were added, and the concentration was 
carried to dryness. The residue showed lex +7.94°.3 

The mixture of /(4-)- and d(—)-lysine d-camphorates was 
recrystallized from a minimal volume of 1:1 methyl aleohol-water 
solution. The mother liquors were concentrated to ineipient 
crystallization, whereupon an equal volume of methyl aleohol was 
added. This process was repeated as long as fractions of appre- 
ciable size were obtained. Usually each erystallization was 
allowed to continue overnight in the cold. Each of the more 
insoluble fractions was similarly refractionated. Such a procedure 
must necessarily be followed closely by optical measurements, 
since practically unavoidable variations in technique influence the 
course of the fractionation. The following is a brief outline of the 
progress of one specific separation. Fraction I, 8.6 gm., showed 
+15.33°; Fraction I, 28.5 gm., [a] = +13.93°; Frac- 
tion IIT, 48.7 gm., fa} = +3.2°. On reerystallization from 50 
per cent methyl aleohol, Fraction | yielded 8.1 gm., la} = 
4+16.14°, and Fraction I, 20.4 gm., [a] = +16.35°. These 
recrystallized fractions were combined and again reerystallized, 
vielding 22.53 gm. of optically pure, [a]? = +16.41°, l(+)-lysine 
d-camphorate, or 52.3 per cent of the theoretical amount expected 
from 76.7 gm. of dl-lysine dihydrochloride. Further reerystalliza- 


* Aqueous solutions of the camphorates (¢ = 2.00 gm. per 100 ce.) were 
always employed 


t 
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tion did not change the rotation. Physical and chemical constants 
of this product are recorded in Table II. 

Further fractionation of mixtures showing rotations of + 4.5° 
or less proved too laborious to be practical. Consequently 
Fraction II] and the dry residues from the various mother liquors 
were dissolved in water and made acid to Congo red with sulfuric 
acid. The d-camphorie acid was extracted with ether and barium 
hydroxide was cautiously added to effect the exact removal of the 
sulfate ion. The ealeulated amount of -eamphoric acid needed 
to replace the d-camphoric acid removed was next added and the 
solution was concentrated to dryness. Fractionation of the 
l-camphorate mixture, essentially as outlined for the d-camphorate, 
vielded 27.79 gm. of d(—)-lysine l-camphorate (64.5 per cent of 


Il 


Melting Points and Analyses of the Lysine Camphorates 


aa)”, 


Mp Nitrogen 

Compound corrected water: 
‘ 

hy per cent degrees 
I(+)-Lysine d-camphorate 245 246 11.25 +1641 
l-camphorate 230-240 11 35 + O35 
d(—)-Lysine 245 246 11 30 30 
d-camphorate . 230 240 11.24 4s 


*Caleulated for IlIvsine camphorate, 
11.38 per cent. 


the theoretical amount expected from the d/-lysine dihvdrochloride 
used) which showed [a]? = —16.39°. The physical and chemical 
constants determined appear in Table IT. 

On removing /-camphoric acid from the lower rotating /-cam- 
phorate fractions and substituting d-camphoric acid, 11.62 gm. 
more of optically pure /(+ )-lysine d-camphorate were obtained, 
bringing the total vield to 34.15 gm. (79.3 per cent). A second 
substitution of /-camphorie acid instead of d-in this second set of 
low rotating d-camphorate fractions made possible the tsolation 
of 7.00 gm. more of optically pure d(—)-lysine /-camphorate, 
increasing the yield to 34.79 gm. (SOS per cent). Further trac- 
tionation in this way, though impractical, would undoubtedly 
increase these yields. 


| 
| 
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Of value for reference are the properties of 1(+)-lysine lL-eam- 
phorate and d(—)-lysine d-camphorate prepared from the free 
lysines and the purified camphorice acids. These are given in 
Table IT. 

Isolation of )- and d(—)-Lysine As the Dihydrochlorides— 
To 19.7 gm. of l(+ )-lysine d-camphorate (0.04 mole) dissolved in 
100 to 200 ce. of water were added 20 ce. of concentrated hydro- 
chloric acid. The bulk of the ecamphorie acid liberated was 
filtered off and the residue was extracted with ether. The hydro- 
chlorie acid-lysine solution was concentrated in vacuo to a thin 


Taare Ill 
Velting Points and Analyses of the dl-, 1 (+)-, and d(—)-Lysine Dihydro- 


chlorides 
Nitrogen found* solution in water 
per cent degrees 
dl ISS. 100F 12 76 
201 202% 12 78 +15. 63 = 3.00)§ 
+1655 = 16.00) 
d(—) 201 202 12.73 —~15.65 (* = 3.00) 


* Caleulated for 12.79 per cent. 
ISS-190°, Eck and Marvel (7). 
200-201, Cox, King, and Berg (6). 
§$ +15.57°, in water, ¢ = 2.86, Lawrow (11); +15.4°, in water, ¢ = 4.38, 
Lutz and Jirgensons (12). 

+1644 an water. «¢ = 16.27. Bergmann and Zervas (3); +16.36° and 
in water, fore = 11.43 and = 19.48 respectively, Lawrow (11). 


<vrup which was warmed on the steam bath and dissolved in a 
minimum amountofaleohol 3to5 volumes of acetone were added 
to precipitate the lysine dihydrochloride. This was redissolved 
in aleohol and again precipitated with acetone. 17.1 gm. of 
li +)-lvsine dihydrochloride (97.6 per cent of the caleulated 
amount) were thus isolated. The constants found appear in 


Vable TIT. 


19.7 gm. of d( — )-lysine -camphorate, similarly treated, vielded 
17.16 gm. (97.9 per cent of the calculated amount) of d(— )-lysine 
dihydrochloride. The properties of this product are also recorded 


} 
in Table HIT. 
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The yields of pure camphorate and pure lysine dihydrochloride 
indicate that 77.4 per cent of the /(+ )-lvsine dihydrochloride and 
79.1 per cent of the d(— )-lysine dihydrochloride can be separated 
from the racemic mixture by this procedure. More intensive 
fractionation would increase this vield. 


t SSTON 


The method of resolution described is simple and direct. The 
camphoric acids are easily prepared from relatively cheap sources. 
Their purification through the anhydrides is not difficult, but does 
cause considerable loss in yield. This is probably not essential, 
since good separations of i-lysine have been secured with 
d-camphoric acid having a specific rotation of 444.67. d-Cam- 
phoric acid of this grade can be obtained on the market 

Even when molecularly equivalent amounts of d/-lysine and 
d-camphoric acid were used, the compound yielded by recrystalliza- 
tion contained L molecule of camphorie acid to 2 ot lysine. 

Several modifications in fractionation procedure are possible. 
Thus when only the natural /( + )-lvsine dihydrochloride is re- 
quired, its vield may be increased by racemizing the lysine in the 
more soluble d-camphorate fractions to provide more dl-lysine. 
To secure 1(+)-lvysine alone, the use of d-camphorie acid only ts 
necessary ; for the isolation of d(— )-lysine, only /-camphoric acid 
is required. If l-camphorie acid is not available, a fair yield of 
d(—)-lysine should be obtainable from the more soluble d-cam- 
phorate fraction with dl-camphoric acid. 


SUMMARY 


The resolution of dl-lysine dihydrochloride has been aecom- 
plished by the use of d- and /-camphoric acids. Fractional 
crystallization of the d-camphorates readily yields the less soluble 
l(+-)-lvsine d-camphorate; of the /-camphorates, the d(— )-lysine 
l-camphorate. By the alternate use of d- and -camphore acids, 
vields of 77 per cent or better of each of the pure optical com- 
ponents of d/-lysine dihydrochloride have been obtamed. 
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38-CHOLESTEROL* 


by A. EVANS, ann RUDOLF SCHOENHEIMER 


(From the De parte nf of Biological (he misty, College of Physicians and 
Surgeons, Columbia Unive rsily, New York) 


(Reeeived for publication, May 7, 1936) 


In 1908S Diels and Linn (1), by the reduction of cholestenone 
with metallic sodium, obtained a small amount of a crystalline and 
apparently homogeneous substance melting at 160°, which they 
regarded as an isomer of cholesterol and to which they assigned 
the name of Bcholesterol. In 1932, Wagner-Jauregg and Werner 
(2) demonstrated that the product was, in reality, a molecular 
compound of two sterols of which one was precipitable by digi- 
tonin. They found this component to be dihydrocholesterol. 
The properties of the molecular compound indicated that the 
non-precipitable sterol must be an unsaturated alcohol, isomeric 
with cholesterol, although they were unsuccessful in isolating any 
homogeneous product from the non-precipitable portion of the 
moleculir compound, 

In repeating this work, we have found that the non-preeipitable 
portion of B-cholesterol gives it positive Rosenheim test and ts 
quantitatively dehydrated on treatment with aeid to 3-2,4- 
cholestadione (3): it has proved to be identical with the epiallo- 
cholesterol recently obtained by us from the reduetion of 
cholestenone with aluminum isopropylate (3). 

The reerystallization of a mixture of equimolar amounts of 
dihvdrocholesterol and epiallocholesterol trom acetone gives a 
molecular compound erystallizing in the shining needles charac- 


teristic of B-cholesterol, The rotation (4-72° in benzene) ts 


* This work was aided by a grant from the Josiah Maey, Jr., Foundation. 

tf Columbia University Fellow, 1934-36. This report is from a disserta- 
tion submitted by BE. A. Evans, Jr., in partial fulfilment of the requirements 
for the degree of Doetor of Philosophy in the haculty of Pure Seienece, 
Columbia University 
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similar to that reported for 8-cholesterol (469°). The melting 
point of the synthetic B-cholesterol, 154°, shows no change on 
repeated crystallization. The higher melting poimt, 160°, of the 
Diels and Linn material may be due to the presence of the high 
melting cholesterol-pinacone, since we have found small quantities 
of this compound in 8-cholesterol prepared by the reduction of 
cholestenone with metallic sodium. 


EXPERIMENTAL 


A solution of 5.5 gm. of digitonin in 500 ce. of 95 per cent ethyl 
alcohol was added to a solution of 2.95 gin. of B-cholesterol (pre- 
pared according to Wagner-Jauregg and Werner (2)) in 350 ce. 
of aleohol. After 24 hours the precipitate was filtered off, washed, 
and extracted with dry ether in the Soxhlet apparatus for 1 hour. 
The filtrate, together with the ether extract, was taken to dryness 
in vacuo and the residue repeatedly extracted with dry ether. The 
ether solutions were taken to dryness and the light vellow oil 
remaining was dissolved in 60 ce. of acetone. On standing in the 
ice chest, a small amount of cholesterol-pinacone, m.p. 221°,' 
settled out after 48 hours. By the cautious addition of water to 
the acetone solution, 1.1 gm. of ervstalline material were obtained, 
m.p. 70-75°. Reerystallization of this material from acetone in 
the cold gave pure epiallocholesterol, m.p. 84°, [a]3- = +-118.2° 
(1 per cent in benzene). The mixed melting poimt with ep 
allocholesterol showed no depression. For further identification, 
30 mg. of the compound were refluxed with aleoholic HC! for 2 
hours, when A-2.4-cholestadiene was obtained in quantitative 
vield (3). 

SUMMARY 

The B-cholesterol of Diels and Linn is a molecular compound of 

1 mole of dihydrocholesterol with L mole of epiallocholesterol. 


BIBLIOGRAPHY 


. Diels, O., and Linn, K., Ber. chem. Ges., 41, 260 (190s). 
. Wagner-Jauregg, T., and Werner, L., Z. physiol. Chem., 208, 72 (1932). 
. Schoenheimer, R., and Evans, EF. A., Jr., J. Biol. Chem., 114, 5607 (1936). 


1 All melting points are corrected. 
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THE PREPARATION OF LITHOCHOLIC ACID FROM 
CHOLESTEROL* 


By RUDOLF SCHOERNHEIMER ann FRIEDA BERLINER 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia Unive rsily, Ne York) 


(Reeeived for publication, Mav 7, 1936) 


None of the natural bile acids has as yet been prepared from 
cholesterol. In the methods available for the preparation of 
lithocholic acid (a-3-hydroxyeholamie acid), either cholie acid (1) 
or desoxycholie acid (2) is the starting material. 

lor metabole studies it was desirable to have a procedure by 
whieh deuterium could be introduced into lithocholie acid. A 
convenient method for the introduction of this isotope into organic 
molecules is catalytic hydrogenation with gaseous deuterium (3). 
As the known methods for the preparation of lithochohe acid 
start with the use of saturated compounds, they are not suitable 
for our purposes. The new procedure with the unsaturated 
cholesterol as a starting material involves catalytic hydrogenation 
and can therefore also be used for the preparation of deuterium- 
containing lithocholie acid. 

The side chain of lithocholic acid (V1), like that of all other bile 
acids, has 3 carbon atoms less than that of cholesterol. The steric 
configuration of the ring skeleton and of the hydroxyl group at 
earbon atom 3 has been established by Windaus (4) and by 
Ruzicka and Goldberg (5). The hydrogen atom at carbon atom 5 
Is in position to the methyl group at carbon atom 10; 7.¢., the ring 
system corresponds to that of coprostane (ers-deealin). The 
hydroxy] group at earbon atom 3 is trans to the methyl group at 
earbon atom 10. Lithocholic acid, therefore, is that bile aeid 
which corresponds to epicoprosterol, 

The side chain of the sterols (C.H,;) may be oxidized to the side 


* This work was carried out with the aid of a grant from the Josiah Maev, 
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chain of the bile acids (CgH.Os) by chromic acid (6). On oxida- 
tion of cholesterol dibromide acetate the dibromide acetate of 
3-hvdroxy-A-# .6-cholenic acid is formed, from which on debromi- 
nation and saponifieation the free unsaturated acid (11) can be 
obtained. This acid has been isolated from the mother liquor of 
the preparation of dehydroandrosterone (7).' The ring skeleton 
and the position of the hydroxyl group and of the double bond in 
this acid correspond to cholesterol. The preparation of lithoeholic 
acid from this compound is similar to the preparation of epi- 
coprosterol from: cholesterol (8). 

As the acid is difficultly soluble in organie solvents, the methyl 
ester was used for the work. On bromination, oxidation with 
chromic acid, and debromination the methyl ester of the 3-keto-A- 
t Secholenic acid (IID) was obtained in good yield. This ester 
could be saponified at room temperature. The free acid so ob- 
tained corresponds to cholestenone and has the same absorption 
<pectrum, indicating that the double bond is in position to the 
keto group (9). 

On hydrogenation of the ester with platinum oxide 2 moles of 
hydrogen are taken up. The product consists of a mixture of 
about SO per cent lithocholie acid ester (VI) and 20 per cent of the 
ester of 3-3-hydroxvallocholanie acid (VID). The two esters 
can be separated from each other quantitatively by the aid of 
digitonin, as has been shown by Fernholz (10) in the ease of the 
corresponding acids, 

The formation of 3-3-hydroxyallocholanie acid, the constitution 
of whieh corresponds to dihydrocholesterol, can be explained by 
the following mechanism: on hydrogenation of the unsaturated 
keto seid the double bond in the ring is saturated first, as in the 
ease of cholestenone. On partial hydrogenation of the unsatu- 
rated keto acid with active palladium, there was obtained instead 
of pure ketocholanie acid (IV) a mixture of this acid with a small 
amount of ketoallocholame acid (V). This mixture ean be 
<oparated only with difficulty. The saturation of the double bond, 
therefore, leads to derivatives of e7s-, as well as frans-deealin. On 


The authers are indebted to Dr. Erwin Sehwenk of the Schering Cor- 
poration, Bloomfield, New Jersey, for placing considerable amounts of 
insoluble sodium salts, obtained from the large seale preparation of de- 


hvdroandrosterone, at their disposal, 
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subsequent hydrogenation of the keto group at neutral reaction 
the hydroxy! groups in both acids are formed in trans position to 
the hydrogen atom at carbon atom 5 —a new indication that on 
hydrogenation of the keto group at carbon atom 3 the position 
of the hydrogen atom at 5 governs the steric configuration of the 
resulting carbinol (S). 

The yield of analytically pure lithocholic acid was about 36 per 
cent, calculated for 3-hydroxycholenic acid. 


EXPERIMENTAL 


3-Keto-A-4 ,.5-Cholenic Acid Methyl Ester—To 4.19 gm. of 3- 
hvydroxy-A-5 ,6-cholenice acid methyl ester (7), m.p. 144°, in 50 ce. 
of acetic acid were slowly added, with cooling, 1.73 gm. of bromine 
(1 Mm) in 18.8 ec. of acetic acid. After the bromine was taken up, 
1.1 gm. of CrO ; (1.5 M) in 20 ce. of acetic acid and 5 ce. of water 
were added. After 20 hours at room temperature, water was 
added and the mixture extracted with ether. The ether was 
washed several times with water. For the debromination (11) 
an excess of sodium iodide in methyl aleohol was added, the ether 
and part of the methyl aleohol were distilled off, and the deep 
brownish solution was refluxed for 2 hours. The solution was 
distributed between ether and an aqueous solution of sodium 
sulfite. The ether solution, after standing over NaeSO,, was 
distilled off and the residue reerystallized from methyl alcohol. 
Yield 2.3 gm. or 55 per cent of the theory; mop. 125°. Heavy 
colorless prisms, easily soluble in ether, chloroform, and carbon 
tetrachloride and less soluble in ethyl and methyl alcohols, were 
obtained, 


C,;H,.O;. Caleulated, C 77.72, H 9.84; found, C 77.57, H 0.56 


3-Keto-A-4 .5-Cholenic Acid —150 mg. of the ester were dis- 
solved in 7 cc. of methyl aleohol and 1 gm. of KOH in 7 ce. of 
methyl alcohol was added. After 2) hours standing at room 
temperature, water was added and the solution was acidified with 
H.SO, and extracted with ether. The residue from the ether was 
recrystallized three times from aqueous acetone. Small prisms, 
m.p. 185-186°, easily soluble in acetone and aleohol and shghtly 
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soluble in ether, were obtained. The substance shows a strong 
absorption at 240 my (Fig. 1).* 


C,H Caleulated, C 77.42, H 9.77; found, 77.12, H 9.77 


Semicarbazide of 3-Keto-A-4 ,5-Cholenic Acid Methyl Ester—45 
mg. of the ester were refluxed for 1 hour with 100 mg. of semicar- 
bazone acetate in aleohol. The gelatinous precipitate formed on 
cooling Was dissolved in hot alcohol, and water was added. Long 
needles formed which were again recrystallized. Mp. 229° under 


decomp ition. 


(HON, Caleulated, N 9.48; found, N 9.31 
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20 BO MO 200 
bia. 1. 3-Keto-A-4,5-cholenie acid, 1.54 mg. in 100 ee. of absolute ethyl 


aleohol; 2 em. cell; 


Lithocholic Acid — 2.2 gm. of 3-keto-A-4 ,5-cholenie acid methyl 
ester were shaken in 20 ec. of aleohol and 20 ec. of ether with 300 
mg. of platinum oxide in an atmosphere of hydrogen. 2 moles of 
hydrogen were taken up within 30 minutes. The reduction 
product was dissolved in ethyl! aleohol and an excess of digitonin in 
80 per cent aleohol added. 2.1 gm. of insoluble digitonide were 
obtained after 15 hours standing. The mother liquor from the 
digitonin precipitation was brought to dryness, extracted with 


? The authors are indebted to Dr. H. Darby for making the absorption 
spectrum readings. 
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ether, the ether solution concentrated to a small volume, and a 7 
per cent solution of KOH in methyl aleohol added. After stand- 
ing overnight, water was added and the mixture was acidified 
with sulfuric acid and extracted with ether. The residue from the 
ether was recrystallized from acetone. L4Al gm. (vield 66° per 
cent); m.p. IS6-187°; la = +32.56° in absolute aleohol. No 
depression of the melting point with an authentic preparation of 
lithocholie acid® was observed. 

B-3-Hydroryallocholanie Acid The digitonide obtained from 
the reduction product of 3-keto-A-4 ,5-cholenic acid was split with 
pyridine and ether in the manner deseribed for sterols (12). The 
residue from the pyridine-ether mixture Was saponified as described 
for lithocholie acid and the resulting acid) reerystallized from 
Aqueous aleohol, 0.31 220-221°. No sston of the 
melting point when mixed with 8-3-hydroxvallocholanic acid ob- 
tained from the oxidation of dihvdrocholestero! aectute (15) was 


ol served, 
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A NEW METHOD FOR THE DETERMINATION OF 
METHIONINE IN PROTEINS 


by HARRY D. BAERNSTEIN 


(From the Laheratory of Ph ysralogical Chemistry, University of Wisconsin, 
Madison) 


(Reeeived for publication, April 16, 1936) 


The only method which has thus far been published for the 
determination of methionine in protems depends on the recovery 
of volatile iodide (1) when purified proteins are boiled with 57 per 
eent hydriodie acid. The sulfur equivalent of this fraction, when 
added to the sulfur equivalent of the evstine fraction (as deter- 
mined iodometrieally in HCL digests after reduction with zine), 
secounts for allot the sulfurin a large number of proteins (2). 

In some cases high recoveries of total sulfur indicated that one 
or both methods were giving incorrect results. There was a strong 
probability that volatile iodide was arising from sources other 
than methionine, such as glycerol from fat, alcohol, and ether from 
purification procedures, and carbohydrate. Barntt (3) found, 
however, that the original method gave satisfactory results when 
applied to wool The results were not higher than was expected 
and did not materially alter the conclusion that practically all the 
sulfur ot this proten Is evstine sulfur. 

It was desirable, nevertheless, to attempt to devise a second 
method for comparison, which would not be subject to the errors 
mentioned above. 

A study of the hydriodic acid digest showed that cystine had 
been reduced quantitatively to evsteine and could be determined 
imdometrically or by the Sullivan or Folin and Marenzi colori- 
metric methods (4). The question of the non-volatile residue 
from methionine was solved when the thiolaectone of homocysteine 
was isolated. 

This conversion has recently been confirmed by Riegel and du 
Vigneaud (5), who also studied the conditions governing the open- 
ing and closing of the ring. 
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The present method is based on the determination of this non- 
volatile residue from methionine. Attempts to determine it 
directly were unsuccessful, and therefore an indirect method was 
devised. The chief difficulty was in finding an oxidant which 
would be specific for sulfhydryl under the conditions necessary 
for opening the thiolactone ring. The presence of evsteine in the 
protein digests placed additional limitations upon the available 
methods. 

In acid solutions evsteine may be determined without inter- 
ference from thiolactone. The Folin and Marenzi and Sullivan 
reactions have both been adapted to our hydriodic acid digests, 
but were found wanting in dependability. Since the Okuda 
method has been shown by Sullivan and Hess (6) to be practically 
as specific as Sullivan’s naphthoquinone method and since our 
digests meet the requirements of high acidity and high iodide 
concentration, we have chosen this simple procedure for deter- 
mining cysteine. Hydriodic acid digestion eliminates the neces- 
sity of decolorization and zine reduction. Direct titration is not 
feasible owing to the slowness of the iodine oxidation near the 
equivalence point and therefore we add a small excess of iodate and 
titrate back with thiosulfate, with starch as indicator. 

Thiolactone cannot be quantitatively determined by opening 
the ring with alkali and then acidifying and titrating with iodate. 
The ring closes too rapidly and there is significant oxidation of 
sulfhydryl by the air when the solution is alkaline. Besides, when 
cysteine has first been determined as described above, the opening 
of the thiolactone ring by alkali is followed by oxidation of homo- 
cysteine by the tetrathionate. If sufficient tetrathionate ts 
present and air is excluded, the reaction is quantitative, vielding 
an equivalent quantity of thiosulfate which may be titrated with 
iodate after acidification. This reaction has therefore been 
utilized for the determination of thiolactone derived from meth- 
ionine in proteins. 

The qualitative proof that tetrathionate oxidizes homocysteine 
to homocystine was obtained as follows: About 10.0 mg. of 
thiolactone dissolved in 2.0 ce. of HI were made alkaline with 
NH,OH, a crystal of sodium nitroprusside was introduced, and 
sodium tetrathionate solution was added until the purple color 
disappeared. Addition of evanide brought the color back.  At- 
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tempts to crystallize out the homocystine were unsuccessful owing 
to the small amounts of material available. A repetition of the 
above experiment with about 1.0 gm. of cysteine gave on neutral- 
ization a copious precipitate of cystine. ‘The filtrate gave three 
renaetions for thiosulfate. On acidification sulfur and SOs. were 
evolved and iodine was reduced. AgNQs gave a yellow precipitate 
which quickly turned black. These facts are in agreement with 
older observations that alkali sulfides reduce tetrathionate to 
thiosulfate. 

The specificity of the reaction was tested on a mixture of amino 
acids of the following composition: methionine, cystine, glycine, 
alanine, isoleucine, phenylalanine, tyrosine, tryptophane, arginine, 


TABLE | 
Recovery of 10.0 Mg. Each of Cystine and Methionine from Mixture of 
Amino Acids and Glucose 


Methionine 


('ystine 
Volatile iodide Hlomocysteine 
my reg. mg. 
10 O68 10 O1 10.10 
10 26 10.00 10.00 


valine, aspartic acid, glutamic acid, histidine, and glucose. These 
were dissolved in hydriodic acid so that 10.0 ec. contained 10.0 
mg. of each of the substances present. This mixture was put 
through the procedures to be deseribed for analyzing proteins with 
the results shown in Table I. 

The recoveries of cystine and methionine are entirely satisfac- 
tory and prove that the small amounts of hypophosphite present 
do not interfere with the measurement of lodine consumption by 
sulfhvdrvl. The hypophosphite originally present in the hydri- 
odie acid has, of course, been decomposed during the heating, 
vielding phosphine, which was absorbed in the saturated mercuric 
chloride. Tetrathionate oxidation is specific in the presence of 
these protein constituents and glucose does not yield volatile 


iodide. 
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Screw Clamp 
Rubber Tubing 


Rubber Tubing and 
Screw Clamp 


Fic. 1. Apparatus for determination of sulfur distribution in proteins 
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We have been unable to find a sample of natural leucine which 
did not contain at least 5.0 per cent methionine. 

We have analyzed two commercial preparations and one from 
our own laboratory and all contained methionine (5 to 20 per cent). 


Procedures 

"The apparatus is the same as has been used in previous studies 
and is shown im Fig. 1. 

The proteins for analysis are extracted for 24 hours with petro- 
leum ether and dried in a vacuum desiccator over POs. The use 
of ethyl ether should be avoided, since incomplete removal of the 
last traces increases volatile iodide. Several samples of proteins 
dried at 105° turned slightly brown and on analysis showed low 
cystine and methionine content, 

Hydrolysis of Proteins About 0.5 gm. of protein is weighed 
and transferred to the digestion flask. 10.0 ec. of 57 per cent HI 
containing 1.0 per cent KH,PO: and « small boiling chip are added 
and the flask connected to the condenser kept at 50-60°. The 
absorption train consists of four scrubbers: Scrubber 1, 20 per cent 
CdCl, with 20 per cent BaChk; Serubber 2, saturated HgCh; 
Scrubbers 3 and 4, glacial acetic acid with 10.0 per cent potassium 
acetate and bromine (6 drops per 10.0 ee.), 

It has been found unnecessary to keep the scrubbers warm. 
The BaCl, has been added to Scrubber 1 to cateh any SO, which 
might escape reduction to Hes. Nitrogen has been substituted 
for COs, for aeration. With the upper pinch-cock open and the 
lower one closed, the microburner ts lit, Bubbling begins at once, 
owing to expansion of the air. When this has stopped and the 
flasks are boiling quietly and the codine first formed is entirely 
reduced by hypophosphite, the lower cock admitting nitrogen is 
opened and the upper one adjusted to maintain a constant bub- 
bling rate such that the bubbles ean be counted. Bothng and 
aeration are continued for 6 hours. The serubbers are diseon- 
nected and the condenser jacket dramed. Connection is then 
made to a second vertical condenser kept cold and the digest is 
concentrated to about 3.0 e¢. Care must be exercised that the 
digest is not burned as it concentrates. 

Dilution of Digest The flask contaming the digested protein ts 
disconnected, two or three erystals of KH.PO: are added, and the 
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mixture is boiled for about 1 minute to remove any iodine. It is 
then rinsed into a 25.0 ec. volumetric flask with 4 per cent HC] 
which has been saturated with nitrogen. The flask ts tightly 
stoppered, cooled under the tap, and made up to volume. 

Analysis of Digest-—Two 10.0 ce. samples are measured into 50.0 
ec. Erlenmeyer flasks and deacrated at the water pump. The 
first flask is disconnected and a small excess of 0.02 N potassium 
hniodate added. (2.0 ce. are required for every 10.0 mg. of eystine 
present in 25.0 cc. of the digest.) A few drops of starch solution 
are added and the excess iodine titrated with 0.02 N thiosulfate. 
A blank digest without protein is treated similarly to determine 
available iodine. From the todine consumed the quantity of 
eystine present can be calculated. 2.0 ce. of sodium tetrathionate 
are added and the flask returned to the pump for deaeration. 
The sodium tetrathionate is prepared from 0.1 N biiodate and 
0.1N thiosulfate with the aid of a littl KIand HCl. The connee- 
tion between the pump and the flask is made through a 3-way 
glass stop-cock and rubber stopper. When the air is removed 
from the digest, a burette containing concentrated ammonium 
hydroxide is connected to the side tube of the stop-cock and 3.0 ce. 
are allowed to be drawn in. The flask is then evacuated and 
closed off. Care must be exercised, as the digest foams badly. 
After 15 minutes the flask is removed, acidified with 10.0 ce. of 
10 per cent HCI, and titrated with 0.02 ~ biiodate. Methionine is 
calculated from the quantity of iodine consumed by thiosulfate 
Which was formed in the reduction of tetrathionate by homo- 
eysteine. It is desirable to have only a small excess of tetra- 
thionate and a minimum of ammonium hydroxide or a considerable 
blank will result from decomposition of tetrathionate by alkal. 
Sodium hydroxide cannot be substituted for ammonium hydroxide. 

Determination of Volatile Iodide Serubbers 3 and 4 are rinsed 
into a 100 ec. volumetric flask containing 5.0 cc. of 25 per cent 
sodium acetate. A small excess of formic acid (sp. gr. 1.20) 1s 
added to reduce excess bromine and the flasks are whirled and 
diluted to the mark. 25.0 ce. samples are added to a little KT and 
i few drops of 10 per cent His and the iodine titrated with O02 
N thiosulfate. Methionine is caleulated from the rodine equivalent 
of the thiosulfate used. 


! These results are reported in the following paper 
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Results 


Table Il shows the comparative figures by the two methods for 
methionine. The last column gives the per cent recovery by the 
new method compared with the old. The diserepaney is probably 
explained by the fact that for every molecule of volatile iodide 
obtained 6 atoms of iodine are titrated. This results in a tendeney 
for the values obtained by the old method to be high. When one 
considers the possibility of HI, I,, and other volatile iodides being 
absorbed, the agreement is remarkable. In view of the results to 


Il 


Methionine Content of Prote ins 


Per cent 
methionine 


Hlomocysteine 
Volatile; 

iodide | cine 
Lactalbumuin Harris 2.45 | 2.32 4.7 
(‘asein 3.a1 | 3.10 93.6 
Eedestin Hemp 2.38 | 2.2 92.5 
Ovalbumuin keg 5.07 4.49 SS 
Livetin Jukes 2.33 | 2.35 100.7 
Ovomucoid 1.43 | 1.38 .4 
Vitellin 2.70 260 96.3 
a-Globulin, adsuki bean Jones 2.09 | 2.02 7 
Zein Harris 2.58 | 2.46 95.4 
ag Jones 2.32 | 2.25 07.0 
Albumin Merck 3.84 | 3.55 92.0 
Peptone Witte 2.19 | 2.2 1005 
Pearson 1.35 1.45 107.0 
Average 


be reported in the following paper, we believe the new figures for 
methionine are nearer the true values, 


We wish to thank Dr. T. H. Jukes and Dr. D. B. Jones for 
samples of proteins. 


SUMMARY 


1. A new method for methionine determination in proteins is 
described based on demethylation of methionine and oxidation of 
the resulting homocysteine with sodium tetrathionate. 
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2. When cysteine is also present, it must be determined first | 
preferably by iodine oxidation. 

3. The volatile iodide method yields satisfactory results pro- 
vided ether, aleohol, and fat have been completely removed and 


provided the protein has not been burned in drying. | 
4. Glucose and presumably other carbohydrates do not) yield 
volatile iodide under the conditions prescribed, | 
5. Small amounts of hypophosphite remaining in the digest do 
not interfere with iodine titrations carried out promptly at room 
temperature, | 


6. Tetrathionate oxidation of sulfhydryl is specific when tested 
in the presence of a limited number of amino acids and is not 
influenced by the factors which tend to give high results by the 


volatile iodide method. 
7. Leneine preparations on the market are often contaminated 
with considerable methionine. 
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THE SULFUR DISTRIBUTION IN PROTEINS 


Il. THE COMBINED METHODS FOR THE DETERMINATION OF 
CYSTINE, METHIONINE, AND SULFATES IN 
HYDRIODIC ACID DIGESTS 


By HARRY D. BAERNSTEIN 


(From the Laboratory of Ph ysiological ("he mistry, rsily of Wisconsin, 
Vad: Son ) 


(Received for publieation, April 16, 1936) 


In the first study of this problem (1) we were concerned pri- 
marily with the evstine determination. It seemed to us highly 
probable that the figures given by Sullivan and Hess (2) for eystine 
in proteins were too low. This could be due chiefly to the loss 
entailed by humin formation and removal. In addition, owing to 
the high specificity of the naphthoquinone method, any slight 
modification of the eystine molecule, incomplete digestion of the 
protein, or Incomplete “reduction” hy evanide would lead likewise 
to low results. Since our first study wis published, others have 
pointed out defeets in the Sullivan method leading to low recov- 
eries. Unpublished experiments from our own laboratory showed 
that even large amounts of non-eystine amino acids, when present 
with small amounts of evstine, resulted in competition for the 
color reagent and led to low recoveries. 

We therefore devised the gasometrie method for eystine (3) on 
hydrolysates from which the humin had not been removed. The 
results were only partially successful, for, as Hess pointed out (4) 
and as we also suspeeted, the humin was consuming some iodine. 

A new possibility was opened up by the observation. that 
hyvdriodic acid digests contamed no humin but did contain eysteie. 
We theretore adapted the Sullivan method to these digests and 
found, in general, higher amounts of eystine than were reported for 
these proteins. No degree of confidence, however, could be placed 
on the results because of the variability obtained on apparently 
identical mixtures, 
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We therefore sought for a simpler and more dependable method 
for cystine, which would not interfere with the determination of 
the other sulfur fractions in the digests. 

The advantages gained by the introduction of hydriodice acid as 
hydrolyzing agent were many and gave promise of the possibility 
of developing a system of analysis which was simple and inclusive 
of at least three fractions of sulfur. In addition to the quanti- 
tative reduction of cystine, methionine was demethylated and the 
volatile iodide could be recovered (5). Sulfates and other forms 
of oxidized sulfur were reduced to Hes, which could also be sepa- 
rately absorbed and estimated. 

The combination of the Okuda method for cystine, the volatile 
iodide method for methionine, and an iodometric method for HS 
gave excellent results. It was found, however, that extreme care 
in the preparation of the proteins was required to eliminate other 
sources of volatile iodide than methionine. During the reduetion 
of sulfates to Hes some SO. escaped and was lost. 

Both of these problems were finally solved by the methods 
described in the preceding paper. A new method for methionine 
was developed on the basis of the non-volatile residue from 
methionine, which confirmed the results with the volatile iodide 
method on carefully purified proteins. The introduction of 
BaCl. in the CdCl. scrubber retained the small amounts of SO, 
which escaped reduction to Hes. 

The results here reported were obtained with these methods. 
It is difficult to decide between the volatile iodide method and the 
new tetrathionate oxidation of homocysteine. Perhaps one 
should run both methods and take an average. We have, how- 
ever, selected the tetrathionate results for the present study in view 
of the ever present danger of high results by the volatile todide 
method and the slight advantage gained by climinating the anal- 
ysis of the last two scrubbers in the absorption train. The train 
should be kept intact to prevent pollution of the air with phosphine 
and methyl iodide. 


*roce d HTes 


The directions for preparing proteins, hydrolyzing, diluting the 
digest, and analysis for cysteine and homocysteine are given in the 
preceding paper. 
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Determination of and SOs Yo the first scrubber, containing 
Cds and BasSO,, are added an excess (usually 2.0 ee.) of 0.02 N 
biiodate and 2.0 ec. of a mixture of KI, HCI, and starch. The 
iodine liberated oxidizes CdS to S and BaSO, to BaSO,. A blank 
determination gives available iodine minus the traces of iodine 
used to oxidize H.S from the hydriodie acid. Recoveries averaged 
per cent. 

A few words of explanation of the blank determinations may be 
helpful. In this work one blank was run simultaneously with 
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Sulfur Distribution in Proteins 


Per cent total S 


Protein Source Fotal 

| homo: | | Recor 

teine 
Harris 9.8 383.4. 2.4 | 95.6 
Lactalbumin 1.45 | 62.1 | 34.4; 3.5 100.0 
Zein “ 108 25.9 49.0 24.5 | 99.4 
hdestin Hemp O99 37.7 478 14.5 100.0 
Albumin Merek ltt 460 465 £2.8 | 95.3 
“4 Key 161 33.6 600 4.7 | 98.3 
Peptone Witte 0.89 44.5 533.1 10) 
Ovomuecoid Jukes 2.26 | 76.6 | 13.1 6.0 95.7 
Vitellin 1.14 31.1 49.0) 11.6 | 91.7 
Livetin 1.80; 55.2) S4 93.6 
Pearson O62 43.9 3.6 97.8 
Average Ot) 


each set of three protein digests. 10.0 ec. of HI from the same 
stock as used for the proteins were placed in the digestion flask 
and treated exaetly as a protein digest. From the analyses of the 
Various serubbers and contents of the flask the blank for each of 
the determinations is obtamed. 


Results 


Table I gives the average figures obtained on eleven proteins 
with these new methods. Some differences will be noted from 
those previously published. In general, the cystine sulfur is 
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lower, owing to absence of humin in these digests. They still 
remain considerably higher than those reported by Sullivan. The 
methionine sulfur is also lower, since extraneous sources of volatile 
iodide are not here included. Some discrepancies owing. to 
variations in the protein preparations. 

The egg yolk proteins appear for the first time. The high value 
for cystine (6.50 per cent) in ovomucoid was not expected. Not 
much significance can be attached to the HLS figures, since in all 
probability this fraction comes largely from inorganic sulfate used 
in the preparation of the sample and could be removed by dialysis. 
Some proteins ike ovomucoid undoubtedly contain sulfate present 
as an ester, which is significant. 

The average recovery of total sulfur (96.9 per cent) is satisiae- 
tory, considering the number of analyses mecessarv and the 
unavoidable errors of technique. 


SUMMARY 


1. A new system of analysis for the various fractions ot sulfur ts 
deseribed. The methods are more specific and siunupler than those 
previously used. 

2. The most important single advance is the elimination of 
hydrochloric acid hydrolysis. The advantages of hydriodic acid 
over hydrochloric acid are more rapid hydrolysis, elimination of 
humin and reactive fragments of carbohydrate, reduction of 
cystine, demethylation of methionine with the formation of 
thiolactone, and reduction of sulfates. Only one livdrolysis is now 


required instead of two. 


3. Only one carefully prepared standard solution is required; 


namely, 0.02 N potassium biiodate. 
4. An average recovery of 96.9 percent Wis obtamed on the total 
sulfur of eleven proteins. 
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BLOOD CELLS* 
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In a previous communication (1) it has been shown that lipids 
may be completely extracted from blood plasma or serum without 
heat if diluted with 20 volumes or more of alcohol-ether. The 
taXximtum cold extraction of whole blood was found to require at 
least 50 volumes of solvent. No values for the red blood cells were 
reported at that time, because it was found that heat produced 
apparently higher values after maximum extraction had been 
obtained in the cold. A similar situation prevailed in extracts of 
whole blood. Since heating caused the extraction of colored 
products from the decomposition of hemoglobin, products which 
were not present in cold extracts and which contaminated all of 
the isolated lipids, it was unknown whether the apparently higher 
lipid values in the heated extracts were due to further extraction 
of lipids or only to the presence of the contaminating colored 
material, There having since been found a satisfactory method of 
separating this colored matter from the lipids, the present report is 
concerned with the optimum conditions for extracting lipids from 
the red blood cells, in general according to the same procedures 
previously used with plasma and serum. 

There have been two common methods for estimating the lipid 
composition of the red blood cells, the direct and the indirect. In 
the first the red cells are isolated and an extract made of the 
weighed or measured cells either with or without saline washing. 
In the second, the lipid content of whole blood and of plasma 1s 
separately estimated and values for the red cells are caleulated 


* This work was aided financially by the Alice F. Richardson Fund of the 
Kingston General Hospital. 
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from these in conjunction with the hematocrit reading. Both 
methods have been extensively used and both have been employed 
by the author. Values by the indirect method are calculated 
from at least three experimental figures, each of which is subject 
to experimental errors which accumulate in the final values for the 
red blood cells. Hence the direct method is to be preferred, but 
heretofore it has had the objection that extracts of the red blood 
cells are invariably deeply colored when prepared in the usual way, 
this colored material, as already mentioned, having many of the 
physical properties of lipids. 

The red blood cells used in the present investigation were from 
samples of human blood obtained by mixing together routine 
specimens received in the laboratories of the Kingston General 
Hospital. This not only provided a convenient source of material 
but also eliminated the possibility of individual peculiarities from 
single samples of blood, and, since values in all experiments tended 
to be of the same magnitude (2.c. about the mean of human red 
cells), the composite plotting of results was facilitated. The speci- 
mens were of oxalated blood and each was allowed to settle and if 
found unhemolyzed was then used. 

The mixed sample was then centrifuged at full speed for 5 to 1 
hour or until the red cell layer had become uniformly translucent. 
This was taken to indicate that the cells had become squarely 
packed with the elimination of all interstices in which plasma might 
be present. Repeated washing of such cells with isotonic saline 
was found to affect their lipid content inappreciably. Lf differ- 
ences were encountered between washed and unwashed cells, all 
the lipids were either increased or decreased to the same relative 
extent. The lipid composition of plasma is different from that of 
the red blood cells and inclusion of plasma in a red cell extract 
would usually increase its neutral fat and cholesterol ester and 
lower its phospholipid and free cholesterol. When all the lipids 
of a washed red cell extract were found decreased (or increased) in 
the same proportion, this must have meant that the saline used in 
washing was not quite isotonic for the particular sample of cells 
washed. Hence it was concluded that the saline washing of 
thoroughly centrifuged red cells is not only unnecessary but may 
actually introduce an error if the saline is not exactly isotonie with 
each sample of red blood cells. 
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A sufficient amount of blood was centrifuged so that, after the 
plasma was removed, the red cells could be drawn off with a pipette 
from well below the surface (on which lie the white blood cells 
of a considerably higher lipid content). Aliquots thus obtained 
were extracted in various ways but all of the extracts were analyzed 
by the author's modification of Bloor’s oxidative microtechnique 
as employed in the study of plasma and serum extracts (1). An 
interesting point in analytical technique arose during the course of 
this study. A small amount of acetone which had been standing 
for some time over calcium chloride at the bottom of a large bottle 
was redistilled and used for the precipitation of phospholipids. 
The resulting precipitate was of a dirty gray appearance, in con- 
trast to the usual white color, and the ealeulated phospholipid 
values were suspected of being low. The acetone was redistilled 
but this made no difference. The magnesium chloride reagent, 
which was about 2 vears old, was replaced by fresh reagent but 
this again did not improve the condition. When part of the 
acetone was allowed to dry again over fresh anhydrous caleium 
chloride and the results with this compared with the old acetone 
and with an entirely new dried specimen, it was found that the old 
acetone had been incompletely dehydrated and that this was 
responsible for the aberrant low values. 

Since the most important factor in the preparation of plasma 
extracts was found to be the degree of dilution in alcohol-ether, 
this was the first factor studied with the red blood cells. Aliquots 
of 2 ce. were hemolyzed with an equal volume of distilled water in 
125 ce. Erlenmeyer flasks and to this were quickly added amounts 
of aleohol-ether varying from 5 ce. (a dilution of 2.5 times the 
original volume of cells) to 120 ce. (a dilution of 60 times). It was 
found that a finer precipitate of proteins was obtained by quickly 
adding the solvent to the hemolyzed cells than by adding the 
hemolyzed cells to the solvent. With dilutions of 10 times or less 
the proteins tended to clump and had to be broken up with a glass 
rod, but with greater dilutions a finely divided precipitate was 
obtained. Unless shaken for a few minutes the protem precipitate 
even in the greater dilutions tended to settle out and form a solid 
mass at the bottom of the flask. The extracts were filtered at 
once without being heated, the precipitate washed once with a 
small portion of the solvent (so as not to increase solution in the 


> | 

a 

j 


40) Lipid Extraction from Red Blood Cells 


smaller volumes), and the filtrate and washings made up to 
volume. 

The results of analyses of these extracts for phospholipid, total 
fatty acid, total cholesterol, and free cholesterol have been shown 
in Fig. 1 which is a composite presentation of several experiments. 


350 PHOSPHOLIPID 


° 
/ 
e lo 
200F o/' 
>= 
TOTAL CHOLESTEROL 
i¢ FREE CHOLESTEROL 
4 i i i 


10 20 30 40 50 60 
DILUTION OF EXTRACT 
hic. 1. The relation of lipid composition to the degree of dilution of red 
blood cells in aleohol-ether. 


It may be seen that dilution of the red cells in less than 25 to 30 
volumes of aleohol-ether produced incomplete extraction, but that 
dilutions greater than this did not appreciably affect the recovery. 
From the data given it may be deduced that neutral fats and 
cholesterol esters are more difficult to extract with the lesser dilu- 
tions than phospholipid and free cholesterol. 
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The effect of boiling the extracts was studied next. 2 ce. of 
mixed red blood cells were hemolyzed with an equal volume of 
water and about 60 ce. of alcohol-ether quickly added. Some 
flasks were left as unheated controls and the remainder were placed 
on the steam bath and allowed to boil gently for varying periods 
upto Lhour. Solvent lost by evaporation was replaced from time 
to time by fresh aleohol-ether. In preliminary experiments 
difficulty was encountered with superheating, resulting in boiling 
over. ‘This was finally overcome by continuously stirring the 
extracts with a glass rod, especially by dislodging particles of 
protein which tended to stick to the bottom of the flask. After 
cooling, the extracts were filtered, washed several times with 
solvent, the residue pressed out, and the combined filtrates made 
up to volume. The unheated extracts were colorless but a pro- 
gressively deeper brownish red developed in the heated extracts. 
50 analyses on several mixed samples of human red cells demon- 
strated that boiling produced apparently higher values for all 
lipids in the red blood cells, just as was previously found in whole 
blood (1). The colored matter contaminated all of the isolated 
lipids and was especially marked in the petroleum ether solution 
of the total fatty acids, resulting in exeeptionally high values for 
neutral fat. 

The problem was how to separate this colored matter from the 
lipids. By evaporating to dryness portions of the colored aleohol- 
ether extracts, the colored material was found to be soluble in 
alcohol, ether, acetone, petroleum ether, methyl alcohol, chloro- 
form, and dilute sodium hydroxide solution; it Was insoluble in 
water and dilute hydrochloric or sulfurie acid. When the colored 
material was dissolved in 0.1 N NaOH and this extracted with 
petroleum ether, the color remained in the aqueous alkaline 
medium and did not pass visibly into the petroleum ether. This 
was considered as a possible method of separating the colored 
material from the lipids, but unfortunately the extraction of lipids 
from the colored alkaline solution was incomplete, especially with 
regard to phospholipid and free cholesterol. Lipids could be fairly 
well extracted from an alkaline solution of colorless unheated 
extracts, so that in some manner the presence of the colored matter 
hindered the extraction. 

While this method was being further investigated, a means was 
accidentally found whereby the extracts could be freed of colored 
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substances. A petroleum ether extract of the saponified and 
acidified total fatty acids and total cholesterol happened to be left 
standing overnight and next day the colored material was seen to 
have completely precipitated out. The petroleum ether solution 
was filtered, the precipitate repeatedly washed with fresh solvent, 
and the filtrates were quite clear. ‘Total fatty acid and total 
cholesterol determined in this extract were found to give values 
identical with those in unheated control extracts and not higher 
values, as had always been found in the colored extracts. This 
experiment was repeated a number of times, some 60 analyses in 


/ COLORED MATTER PRESENT 

/ | 

© (COLORED MATTER REMOVED | 


Fic. 2. The total fatty acid content of sufficiently diluted extracts of the 
red blood cells boiled for varying periods, before and after removal of the 
colored material. 


all being performed. It was invariably found that when the 
colored material was thus removed by standing overnight (or 
longer if necessary) in petroleum ether, the immediately filtered, 
unheated but sufficiently diluted extracts of the red blood cells 
contained just as much lipid as the heated ones. A) typical 
experiment illustrating the values for total fatty acid in a colored 
and a color-free heated extract is shown in Fig. 2. This exper- 
ment proved that a sufficient dilution in cold alcohol-ether wall 
extract all lipids from the red blood cells capable of being extracted 
with this solvent and that heat does not further the extraction of 
lipids but dissolves colored decomposition products of hemoglobin. 
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Several methods of preparation of the red blood cells for extrac- 
tion in cold aleohol-ether were next studied. When these cells 
were added directly to the solvent, the drops from the pipette fell 
to the bottom in a mass, somewhat resembling the formation of 
glass beads. Adding alcohol-ether quickly to the untreated cells 
also produced a clumped precipitate and both of these extracts of 
untreated red cells gave low lipid values whether or not the massed 
precipitate was broken up with a glass rod. Hence extraction was 
earried out on red cells previously (a) hemolyzed with half a 
volume of distilled water, (b) hemolyzed with 1 volume of distilled 
water, (c) hemolyzed with 1.5 volumes of distilled water, (d) 
hemolyzed with 2 volumes of distilled water, and (e) ground with 
sufficient sand to produce a semidry mass. ‘These several methods 
of preparation were found to result in almost equally good extrac- 
tion. No single experiment demonstrated the relative virtue of 
any one, but from the mean value of a number of experiments 
(100 analyses) hemolyzing with an equal volume of distilled water 
was found to give slightly higher lipid values. Hence this latter 
procedure was adopted in the routine method. 

In preparing an alcohol-ether extract of blood lipids, there are 
two methods in general use for making up to volume. One is the 
distribution method used by Bloor (see previous paper (1)) in 
which blood is added to the solvent in a volumetric flask and the 
extract made to volume with the protein precipitate still in the 
flask. It is believed that the lipids are distributed through the 
protein precipitate in the same concentration in which they are 
distributed through the aleohol-ether. In the second method 
(filtration method), the proteins are filtered off and washed several 
times with fresh solvent, the combined filtrates bemg made up to 
volume. Those who favor the distribution method claim that it is 
difficult to wash all of the lipid material out of the protem precipi- 
tate. An attempt was made to compare these two procedures: 
Iextracts of the red blood cells were prepared as above and made 
up to volume, one group by the filtration and one by the distribu- 
tion method. The volume of filtered extract by the distribution 
method was carefully noted and the total amount of lipid in this 
determined. To this was added the amount of lipid in the protein 
precipitate which was calculated to contain the same relative lipid 
composition as the filtrate. The sum of these two was then 
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compared with values obtained by the filtration method, the 
results being compared in terms of mg. of lipid per 100 ce. of red 
cells. Curiously enough, the lipid composition of the red cells 
determined by these two methods was practically the same. To 
quote figures from one experiment, the values by filtration and by 
distribution were respectively, total fatty acids 204 and 289 mg. 
per 100 cc., total cholesterol 144 and 133, free cholesterol 128 and 
127, phospholipid 304 and 327. It would appear that both methods 
are quite satisfactory; in the one case the lipids are equally distrib- 
uted through the protein precipitate, andin the other case washing 
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Comparison of Lipid Values in Red Blood Cells from Detihrinated and 
Oxralated Blood 


The results are expressed in mg. per l00 cc. of red blood cells 


Red Total Lota! | re“ 
(‘ase No Blood blood fatty choles choles a 
cells acids tere| 


rel per ce nif 


| Defibrinated 44.3 17s 12S S51 
Oxalated 40.0 2s0) 1) 140 
2 Defibrinated 49.1 251 144 120 31S 
Oxalated 38.2 313 1) 805 
3 Defibrinated 60 247 122 Lit 244 
Oxalated 39.1 3065) 145 
4 Defibrinated 45.8 267 120 270 
Oxalated 43.3 250 132 JN) 
5 Defibrinated 207 122 114 
Oxalated 42s 24s 27 115 


the precipitate thoroughly removes effectively all of the residual 
lipid material. 

Finally, a study was made of the effect of anticoagulants on the 
lipid content of the red blood cells. The lipid composition was 
determined as above in oxalated and defibrinated samples of the 
same blood and five such comparisons are given in Table I. In 
eighteen out of the twenty analyses of directly (not caleulated) 
estimated lipids, the values were higher in the red cells from 
oxalated blood than from defibrinated blood. “In all cases the 
volume of the red cells was greater in defibrinated than in oxalated 
blood. Since many of the erythrocytes are invanably caught m 
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the clot formed during defibrination, this difference in volume was 
undoubtedly greater than that actually shown. ‘Total fatty acid 
was the only lipid found higher (in two out of five cases) in the 
defibrinated cells. Henee it may be concluded that the lipid 
content of oxalated red blood cells is greater than that of defibri- 
nated cells. This is probably due to absorption of water from the 
red cells (2), but there were a number of factors here which are 
heing subjected to further study. 


SUMMARY 


The following method was found to give complete extraction of 
lipids in the red blood cells in so far as they are soluble in aleohol- 
ether. Blood is centrifuged until the red cells are translucent 
when an aliquot is removed from well below the surface. This is 
hemolyzed with an equal volume of distilled water and 25 to 30 
volumes (per L volume of red cells) of aleohol-ether quickly added 
with shaking. Heating is not only unnecessary but undesirable. 
The extracts are filtered, the residue thoroughly washed, and the 
filtrate made up to volume. Distribution and filtration methods 
give practically the same results, but the values are higher in red 
cells from oxalated than from defibrinated blood. 
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THE DETERMINATION OF ETHYL ALCOHOL* 


By THRODORE FRIEDEMANN ano ROSALIND KLAAS 
(From the Department of Medicine of the University of Chicago, Chicago) 


(Received for publication, April 13, 1936) 


Of the various chemieal methods deseribed in the literature for 
the determination of ethyl aleohol (1) the majority are based upon 
the oxidation of the alcohol to acetic acid by means of potassium 
dichromate in the presence of a high concentration of sulfurie aeid. 
Typical of these methods are the ones devised by Widmark (2) 
and by Nicloux (3). Widmark reports that it is not possible to 
calculate the amount of aleohol from the amount of dichromate 
used, for the oxidation does not lead exclusively to the formation of 
acetic acid; Varying amounts of carbon dioxide and acetaldehyde 
are simultaneously produced. With solutions of pure alcohol 
ranging in concentration from 1.43 to 5.16 mg. per ce., he finds 
that 1 cc. of O.OL N sodium thiosulfate solution corresponds to 
0.1000 to O.1241 mg. of aleohol. He adopts 0.113, the average of 
D4 determinations, as the factor to be used in the calculation of the 
number of mg. of aleohol present in a sample, but it is evident that 
considerable error is involved in the use of this factor. Further- 
more, Widmark’s method is limited in its application to samples 
which contain only relatively small amounts of other volatile 
substances, 

Nicloux attempts to choose conditions such that a maximum 
vield of acetic acid and a minimum of carbon dioxide and acetalde- 
hyde are produced. He reports a high degree of aceuraey under 
the conditions which he finds optimum, but his method involves 
the use of three carefully prepared and standardized solutions and 
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heating the reaction mixture for 1 hour in a bath thermostatically 
regulated to maintain a temperature of 85°, 

After extensive experience with chromic acid we have turned to 
the use of potassium permanganate as the oxidizing agent. Chap- 
man and Smith (4) were probably the first to report that, in the 
presence of alkaline potassium permanganate, ethyl alcohol is 
oxidized to oxalic acid.' Barendrecht (7) determined relatively 
small quantities of alcohol, S to 10 mg., by introducing the sample 
into a boiling solution of alkaline permanganate. Priedemann and 
Ritchie (8), in a preliminary study published in 1933, applied a 
similar principle to the determination of very small quantities of 
alcohol. Since then, we have studied the method intensively, 
modified it, and apphed it to a variety of biological materials. 

In this method the sample is introduced directly into a WKyeldahl 
flask and distilled from tungstie acid and mercuric sulfate, which 
precipitate the protems and prevent foaming. Tf certaim volatile 
substances other than ethyl alcohol are present, the first distillate 
is further distilled from alkaline mercure oxide. The final dis- 
tillate, or an aliquot thereof, is then oxidized at 100° with potas- 
sium permanganate in the presence of sodium hydroxide. After 
cooling and acidification of the mixture, the exeess permanganate 
is determined 1odometrically. 

While the oxidation of ethyl alcohol does not proceed quantita- 
tively to carbon dioxide and water under the conditions chosen, 
yet the yield of other products is low and, what is more im- 
portant, remains remarkably constant within the limits spectfied 
(see Table I). Hence, the use of an empirically determined factor 
introduces no appreciable error. The final low acidity permits an 
accurate jodometric determination of the residual oxidizing agent, 
which is difficult in the case of the iodometric determination of 
excess dichromate. The end-points are always sharp, even with 
the 0.005 N solutions. A further advantage of the use of potassium 
permanganate lies in the fact that Lec. of LOL N solution is equiva- 
lent to 0.042 mg. of aleohol, whereas with dichromate 1 ce. of 
0.01 N is equivalent to 0.113 mg. (2). The larger volume of 
oxidizing agent per given amount of aleohol makes possible greater 


1 For a discussion of the reaction of alcohol with permanganate, see 
Morris (5). A more complete review of the literature is given by a nhs and 
Day (6). 
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accuracy in burette readings, and hence, greater sensitivity to 
small variations in amounts of alcohol present. Moreover, the 

time required for a complete determination is relatively short, and 
no special apparatus is required. Finally, the fact that the method 
ean readily be adapted to many types of biological materials per- 
mits it a wide range of usefulness. 


Description of Method 


Apparatus For the distillation process, a still of small capacity 
with a minimum of rubber connections is desirable. All of the re- 
sults reported in this paper were obtained with units constructed as 
big. The still consists of a Kjeldahl flask,* a glass condenser 
jacket, and a metal tube. The latter consists of an upper portion 
of Sineh tin-coated copper tubing and a lower portion of 4’ inch tin- 
coated brass tubing. Aglass collar, forthe protection of the receiver 
from dust and from water which may have colleeted on the con- 
denser, is made from the upper part of a 6 ounce wide mouth 
bottle: this is held im place near the end of the delivery tube by 
means of a loosely fitting rubber stopper. A number of units 
mav be conveniently mounted on a rack of the type deseribed 
by Predemann and Graeser (9). Microburners are used as a 
souree of heat. 

lor work of greater accuracy an all-glass still, with ground glass 
connections, should be used. 

All glassware os carefully cleaned with chromic acid cleaning 
solution, rinsed well (the final rinsings are with distilled water), 
and dried on a wire rack in such a way that contamimation is 

avoided. The use of greasy or dusty glassware results im the 
introduction of large and variable errors, 

nts 

Distilled water. The water used should be free from organic 
impurities, It should be stored ina large glass bottle and deliv- 
ered therefrom through a glass siphon with a minimum of rubber 
connections. Water from wash bottles should never be used. 

Sodium tungstate. A LO per cent solution. 

Mereuric sulfate. 100 gm. of mereurie sulfate are dissolved in 


> The rubber stopper should be boiled in dilute alkali and then in dis- 
tilled water before using. 
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1 liter of 2 N sulfuric acid. To prevent precipitation of basic 
mercuric salt, the mercuric sulfate should be added to 500 ce. of 
water to which have been added 56 cc. of concentrated HeSQ,. 
After heating until solution of the salt is complete, the volume ts 
brought to about 1000 ce. 

Calcium hydroxide suspension. 200 gm. of ordinary unslaked 
lime are slaked with a minimum of water. Then 1 liter of water ts 
added. After a vigorous shaking, the smooth suspension is poured 
off from the lumps. ‘This is shaken well before using. Lime often 


hic. 1. Single unit of apparatus for determination of aleohol 


contains considerable quantities of organic impurities. For more 
accurate work we recommend the use of Ca(OH)». prepared from 
chemically pure CaQ. 100 gm. of CaO (reagent quality) are 
slaked with a minimum of water. To this is then added 1 liter 
of water. The resulting creamy suspension is kept in a glass- 
stoppered bottle protected from dust. 

5 N sodium hydroxide. Reagent quality should be used. The 
solution should be stored in a glass-stoppered bottle carefully 
protected from dust. To prevent resuspension of settled particles 
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a layer of coarse broken glass, about 1 inch deep, may be intro- 
duced. 

Potassium permanganate. A solution of 33 gm. per liter is 
digested 5 or 6 hours on a steam bath and then filtered by suction 
through asbestos. The first portion of filtrate is discarded. <A 
stock solution, slightly stronger than 0.1 N, is prepared by diluting 
100 cc. of the cooled solution to 1 liter. Further dilutions are 
made when needed. 

10 N sulfurie acid. 

Potassium iodide. Small crystals; analytical reagent. 

Starch solution. 

Sodium thiosulfate. The standard 0.1 N solution is diluted to 
give solutions that are exactly 0.02, 0.01, or 0.005 N, 


Procedure 


Distillation The sample is measured (or weighed) into a 300 ce. 
Kieldahl flask. To this are added distilled water (sufficient to 
make the total volume 50 or 60 ec.), 5 ec. of sodium tungstate, 5 ce 
of mercuric sulfate, and a small amount of powdered tale. The 
flask is rotated to insure a thorough mixing of the contents, con- 
nected to the still, and the mixture brought slowly to the boiling 
point (there is usually little or no foaming). During the course of 
15 to 20 minutes, 30 to 35 ec. are distilled. A 150 ec, fat extraction 
flask or a 100 ce. volumetric flask may be used as the receiver. In 
the case of the latter, the volume is adjusted to the mark at the end 
of the distillation. 

With certain samples a second distillation may be necessary in 
order to remove volatile substances which would interfere in the 
subsequent oxidation procedure. The imitial volume is made 
about 100 cc.; 60 to 70 ce. of distillate are collected in a Kjeldahl 
flask containing 5 ce. of mercuric sulfate. A volume of calcium 
hydroxide, sufficient to impart a deep orange color to the mixture, 
and powdered tale are added. The flask is rotated (in cases 
where the aldehyde or ketone content is high, the flask is 
stoppered and shaken vigorously) and then the distillation is 
carried out as before. 

Oxidation A 150 ce. fat extraction flask, with a 100 ee. beaker 
serving as the cover, is used for the oxidation. The sample is 
introduced either by direct distillation, as deseribed above, or by 
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pipette from the volumetric flask. In order to determine the size 
of the aliquot and the strength of the permanganate solution, trial 
runs may be made. If the aliquot chosen has a volume of 10.0 ce., 
15 ec. of water should be added to the extraction flask after the 
introduction of the sample, for it is important that the total volume 
during the oxidation should be 60 to 70 ce. (see Table I). To the 
sample are now added 10 ec, of 5.N sodium hydroxide and 25.0 ce. 
of a potassium permanganate solution of appropriate strength. 
More consistent results are obtained if the permanganate is added 
with constant rotation. In ordinary work, where moderately large 
quantities of aleohol are expeeted, a 0.02 NS solution should be used. 
After further rotation to insure thorough mixing of the contents, 
the flask is placed in a boiling water bath. At the end of 20 
minutes, it is removed to a bath of cold running water, As seon 
as it is cool, 10 ce. of 10.N sulfuric acid are added. Atter a few 
more minutes of cooling, the flask is removed; 0.2 to 0.5 gm. ot 
potassium iodide is added, and the iodine titrated with standard 
sodium thiosulfate of approximately the same strength as the 
permanganate. 1 to 2 ce. of starch solution are added when the 
color of the solution is a pale vellow. The titration is continued 
until the solution is colorless. 

Blank determinations should be made simultaneoust|s 

Calculations A (ec. of thiosulfate required for the blank) manus 
B (ce. of thiosulfate required for the sample) equals © (ce. of 


thiosulfate equivalent to the potassium permanganate tsed in the 


oxidation 

The amount of aleohol present in the solution oxidized can now 
be caleulated. 1.00 ce. of 0.020 N KAINO, = 0.0855 me. of ethy! 
alcohol, or O.OOLS6 ma; 1.00 ec. of COLON 0.0420 me., 


or 0.000912 mu: 1.0 ce. of 0.005 N O.0215 me. or 


0.000467 mm. These factors apply only when © is less than 5 ee, 


(6 ce. in the case of the 0.02 N KMnO,). If Cis greater than 5 


approximate results may be obtained by using faetors given in 


Table I. 


If S is the number of ce. of initial sample equivalent to the 


aliquot taken for oxidation, the following formule give the amount 


of aleohol in mg. per cent. 


C xX 8.35/88 = me. ‘% aleohol, with OOO ~ KATO, 
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Oxidation of Pure Ethyl Alcohol 


25.0 or 35.0 ec. of aleohol solution, 10 ce. of 5N NaOH, 25.0 ce. of AMnO,; 
Heated 20 minutes ina boiling water bath. 
blanks = 25.0 to 25.6 ee. of 0.020, O.O10, or 0.005 ~ thiosulfate. 
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Precautions —Inasmuch as the success of the method depends 
upon the controlled oxidation of a minute quantity of an organic 
compound (ethyl alcohol), it is absolutely essential that all other 
oxidizable substances be excluded. In practically every mstance 
those who have described oxidimetric methods have stressed the 
importance of clean glassware. We too urge that great care be 
taken to use glassware that is free from dust and grease. Cleaning 
with chromic-sulfuric acid mixture (with not less than SO per cent 
H.SQ,) is recommended. It is also important that the distilled 
water be of good quality. If organic impurities are present in the 
water, it is impossible to obtain accurate results. 

The rubber stopper used to connect the Kjeldahl flask with the 
condenser may be the source of considerable volatile oxidizable 
material. The amount is small and fairly constant, however, 
(so that a correction for this error is provided by the blank) if the 
still is steamed out each day before a series of distillations is begun. 

The reagents for the oxidation should be measured with pipettes, 
and not burettes. It is well to plug all pipettes with cotton in 
order to avoid contamination of the solutions with chance droplets 
of saliva. The lower part of these pipettes should not be allowed 
to touch the desk, nor should the lower part of these pipettes be 
touched with the hands, and, if used repeatedly, each pipette 
should be placed in an upright position in a test-tube. 

Saliva —If a beverage or solution containing aleohol has been 
taken orally, the mouth should be rinsed well with several changes 
of water in order to remove the last traces of the liquid. At least 
5 minutes should then elapse before a sample of saliva is collected 
for analysis. A rapid flow of saliva may be induced by chewing a 
small piece of paraffin. Chewing gum should never be used. The 
sample should be preserved by the addition of sodium fluoride 
(0.1 gm. for 10 ec. of saliva). 1 ec. samples are then distilled 
according to the directions given above. A second distillation is 
unnecessary (see Table V). 

Blood—In the collection of samples, the skin is cleansed with 
soap and with 0.1 per cent mercuric chloride solution. If 0.2 ce. 
samples are desired, the skin is pricked as in making a blood count. 
10 drops or more are allowed to run into a small test-tube contain- 
ing asmall amount (0.1 to 0.2 per cent) of a mixture of equal parts 
of powdered sodium fluoride and potassium oxalate. For the 
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collection of larger samples, a dry sterile syringe for venous pune- 
ture is used. After collection of the blood, the container is tightly 
stoppered and immediately placed in the refrigerator. The 
analysis should be undertaken as soon as possible, at least within 
24 hours after collection. 

In the measurement of 0.2 ce. samples, a pipette of 0.2 ce. 
capacity, such as is used in the measurement of the Kahn antigen, 
has been found to give fairly accurate results (see Table III). 
Blood is drawn up past the mark; the tip is wiped with a towel, 
and the meniscus adjusted to the mark. The pipette is then 
allowed to empty slowly into the WKjyeldahl flask (time necessary, 
about Lminute);the last drop is blown out. The distillation from 
the sodium tungstate and mercuric sulfate is then carried out, with 
a 150 ce. extraction flask as the receiver. 

Whenever larger amounts of blood are available, 1 ec. samples 
are taken. The pipettes should be allowed to drain slowly. The 
100 cc. volumetric flask is used as the receiver, and a suitable 
aliquot of the distillate taken for oxidation. In the case of blood, 
as with saliva, a redistillation is not required, because of the 
presence of only very small amounts of interfering substances. 

lrine The samples are preserved with sodium fluoride (1 gm. 
per L0Qce.). Sinee urine often contains rather large amounts of 
volatile reducing materials, especially in the case of diabetic 
individuals, the two distillations outlined above are necessary in 
order to obtain accurate values for aleohol content. 1 ee. samples 
are generally used, although 5 or 10 cee. may be taken if the amount 
of aleohol is low, 

Culture Media Sulfuric acid is added to stop the metabohie 
activities of microorganisms as recommended by Friedemann and 
Brook (10). Sor 10 ce. samples are taken for analysis; two distil- 
lations are required because of the frequent occurrence of aldehydes 
or ketones as products of metabolism. Samples of the same cul- 
ture medium in which no microorganisms have grown are run in 
order to obtain blank values. Certain bacteria produce other 
aleohols besides ethyl aleohol. Our method is fairly speeifie for 
aleohols as a group, but it cannot be used to determine ethyl 
aleohol when other alcohols are also present. 

Tissues The sample is frozen in liquid air and erushed accord- 
ing to the procedure of Graeser, Ginsberg, and Fredemann (11). 
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A weighed sample of the crushed tissue is introduced directly mto 
the Kjeldahl! flask and treated like a sample of blood. 


LAPERIMENTAL 


Oxidation of Pure Ethyl Alcohol Commercial absolute ethvl 
alcohol was heated with unslaked lime under a reflux condenser 
for 15 hours. The aleohol was then distilled; only the middle 
third of the distillate was retained. Solutions of known composti- 
tion by weight (approximately 15 per cent) were prepared, and 
these were immediately diluted to form L per cent solutions. The 
latter were kept in the refrigerator and diluted further as needed. 
The oxidations were carried out as deseribed above, with 25 ce. 
of the aleohol solution, 10 ce. of ON sodium hydroxide, and 
ce. ol potassiim permanganate, Oxidations were alse carried out 
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in Which the sample (25.0 ec.) was further diluted with LO ee. of 
water before the addition of the alkali and permanganate. The 
study covered a wide range ot concentrations of alcohol and three 
concentrations of Tvpieal results are 
shown in Table I. 

With a given permanganate solution, the results are fairly con- 
stant until the volume of oxidizing agent used exceeds 5 cc. (6 ce. 
in the case of the 0.02 N KMInO,). Thus, in the ease of the data 
presented in Table 1, the greatest deviations from the average are 
—~L2and +0.5 per cent with 0.02 N KAINO,, and —3.5 and 42.1 
per cent with O©OLN KMnO, It may be noted that the values 
change rapidly when the volume used in the oxidation is greater 
than 5 (or 6) ce. In no case is the alcohol oxidized completely to 
earbon dioxide and water; the calculated equivalents are OLO76S, 
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0.0384, and 0.0192 mg., for 0.02, 0.01, and 0.005 N solutions, re- 
spectively. 

We have chosen as the alkali concentration one which permits 
the oxidation to proceed most nearly to completion. With higher 
or lower concentrations, the extent of the oxidation rapidly 
diminishes. 

Distillation. Effect of Various Agents on the Recovery Aleohol 
solutions of varving concentrations were distilled aecording to the 
procedure outlined above. ‘Typical results are given in Table IL. 
It is evident that the reagents used remove little if any of the 
alcohol. The average recovery in all determinations shown in 
‘Table IL is 98.6 per cent. Low recoveries, such as 93 per cent in 
the single distillation in the second column, are rarely encountered 
if considerably more than one-half of the solution is distilled. 

Recovery of Alcohol from Blood and Urine —1 ee. samples of blood 
were measured into WKyeldahl flasks. To these were added 1 ee. 
samples of aleohol solutions varying in concentration from 79 to 
278 mg. percent.  Distillations were carried out from the mereuric 
sulfate and sodium tungstate reagents, and the appropriate 
aliquots of the distillates oxidized. 0.2 ce. samples of blood and 
alcohol solutions were treated similarly, except that the distillates 
were collected in extraction flasks. The results are shown in 
Table IIL. In the ease of the smaller samples, it will be noted 
that the recovery was somewhat high and variable. Because the 
error in the measurement of small quantities of liquid may be 
rather large, the pipettes should be carefully calibrated or the 
samples weighed whenever a higher degree of accuracy is desired. 

To 1 ce. samples of normal urine amounts of aleohol varying 
from 63 to 156 mg. per cent were added. The recovery here was 
exeellent, just as in the ease of blood. 

Removal of Inte rf ring Substances Various methods have been 
recommended by different workers for the removal of aldehydes 
and ketones, two classes of substances which are very similar to 
aleohol in volatility and ease of oxidation. Gorr and Wagner (12) 
review the literature up to 1925 and then outline a new procedure. 
The sample is heated under a reflux condenser with a mixture of 
mercuric chloride and slightly less than the equivalent amount of 
alkali. Pelgroms (13) merely distils slowly from mereurie oxide. 
He does not deseribe his method in detail or state the alkali con- 
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centration used. 


purpose. 


We have made a careful study of the use of 
mereuric oxide and its efficiency in the removal of aldehydes and 
ketones, and we find that it is a very satisfactory reagent for the 
We recommend the use of excess of ealerum hydroxide. 


The aleohol is recovered practically quantitatively (Table IV) at 
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substances, such as the amines, and the second, from the alkaline 
mercuric oxide, permits the removal of phenols and the lower 
aliphatic acids, aldehydes, and ketones. The method therefore 
provides an excellent separation of aleohol from other substances 
commonly present in biological materials. 

Blank Values of Blood, Saliva, and Urine—The quantity of 
oxidizable material obtaimed by the distillation, according to our 
procedure, of Lee. of normal blood, saliva, or urine is very small. 
Thus, in the ease of urine, the volume of O0.OL N potassium perman- 
ganate used in the oxidation of a 25 ce. aliquot of the distillate 
varies from 0.02 to 0.10 ce. The same values are obtained with 
diabetic urines. In the case of a diabetie urine, four determina- 
tions with | ee. samples gave an average titration of 0.05 ec., equiv- 
alent to about OS mg. per cent of ethyl alcohol, whereas the same 
urine, When distilled without any reagents whatsoever, gave a 
titration of 3.30 ce., equivalent to 55 mg. per cent of aleohol. 
With saliva and blood, just as with urine, the blank values are 
very small. Henee, in ordinary work it is unnecessary to apply 
corrections for the oxidizable material present in the samples. 

Normal Alcohol Content of Blood, Saliva, and Urine —-That ethyl 
aleohol is normally present in blood and tissues has been demon- 
strated conelusively by Gettler, Niederl, and Benedetti-Pichler 
(14). These workers isolated the alcohol, identified it by means of 
its physical properties, and prepared characteristic derivatives. 
Using their quantitative microethoxy method, which is specific 
for aleohols, they have obtained the following average values for 
the normal alcohol content of blood: human, 4 mg. per cent; dog, 
13mg. percent’ Their results are the lowest thus far published. 

Our method gives the results summarized in the last column of 
Table Vo It is to be noted that there is a fairly close agreement 
among the values obtaimed for the three body fluids, blood, urine, 
and saliva, despite the fact that the content of volatile materials 
varies widely, being greatest in urine. 

The data in the third column of Table V have been included in 
order to show the necessity for two distillations in the case of urme, 
Single distillations gave high and variable results. It may also be 

>A summary of determinations by previous workers of the normal alcohol 
content of tissues and body fluids is given by Gettler, Niederl, and Bene- 
detti-Pichler. 
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noted that in certain instances the quantities of reagents used were 
not sufficient for the volume of urime taken. Thus, the 20 ce. 
sample of diabetic urine, after two distillations, vielded 14S mg. 
per cent of oxidizable material calculated as ethyl aleohol, whereas 
approximately one-half as much was obtained from the LO and 5 
ec. samples. Again, normal Urines U and Vo vielded 8.9 and 6.0 
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This sample contammed much bod anid vyave strong reaction with 
fer ric chloride (acetoucetic as id 

t The first distillation was carried out with lO ee. of acid Iles . and 40 
cc. of Na.WO, in a total volume of 100 ce 


mg. per cent, respectively, after the first distillation; atter two 
distillations, they gave 0.92 and 0.62 mg. per cent. With an 
excess of mercuric sulfate (5 gm. of HgsO, added to the mereury- 
tungstate mixture), practically the same results (not shown in 
Table V) were obtained after one distillation as with the two; erz., 


OS] and 0.96 mg. per cent. 
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SUMMARY 


A method for the determination of ethyl alcohol in biological 
materials has been outlined. The aleohol is separated from other 
constituents by distillation after addition of reagents which remove 
many of the commonly occurring volatile substances. ‘The distil- 
late, or an aliquot thereof, is oxidized in a water bath with alkaline 
permanganate for a period of 20 minutes. After the mixture has 
heen cooled, it is acidified, and the exeess permanganate deter- 
mined iodometrically. The necessity for cleanliness of glassware 
and purity of water has been emphasized. The high degree of 
reliability of the method is indicated by the following eriteria: 
(a) practically quantitative recovery of aleohol from pure solu- 
tions, (b) practically quantitative recovery of alcohol when added 
to blood and urine, (e) excellent removal of many of the common 
volatile substanees whieh occur in biological materials, and finally 
(/) obtaining a low and consistent value, approximately 0.4 mg. 
percent, for the normal aleohol content of blood, saliva, and urine. 
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LIGHT FILTERS* 
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Photoelectric colorimeters for biological work fall into two main 
classes. The first is the single photocell, direet reading photo- 
electric photometer, of which the Sheard and Sanford photelometer 
(6 8S) may be taken as an example. The second is the double 
photocell, null point type, such as the comparison photometer of 
Goudsmit and Summerson (2). Quite apart from obvious advan- 
tages of simplicity of design and operation, the direct reading type 
is to be preferred, sinee it allows full use to be made of the advan- 
tages Inherent in the application of color filters to the colorimetry 
of complex media. This type of instrument can, however, only be 
successful when it employs a source of light of absolutely constant 
intensity. This requirement introduces a technical difficulty 
which has been the cause of failure of most single cell colorimeters, 
and an attempt to evade the difficulty has led to the adoption of 
the double photocell principle. However, this does not by any 
means solve the problem of stability, since the resulting instru- 
ment exhibits erratic behavior as a result of unavoidable asym- 
metry of the response of the two cells to light of different wave- 
lengths. 

These, then, are the primary sources of error peculiar to the two 
types of photoelectric colorimeter, but superimposed on them ts 
another fault shared equally by instruments of both classes, namely 


* This instrument was demonstrated at the annual meeting of the 
Federation of American Societies for Experimental Biology, Washington, 
ID. Mareh 25-28, 1936. 

t+ The work has been aided by grants from The Banting Research 
Foundation, and from the Loomis Laboratories, Tuxedo Park, New York. 
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inconvenience of operation due to purely mechanical causes. The 
instrument to be deseribed this Is a single photocell 
eolorimeter in which extreme stability of light intensity has been 
achieved by a simple unconventional design. This design has 
not only eliminated errors due to light fluctuation, but has made 
possible a degree of simplicity and convenience of operation not 
hitherto achieved in any colorimeter, either visual or photoelectric, 
Moreover, the use of a truly constant source of illumination has 
made it possible to enlarge the field of application of light filters 
to cover most of the problems formerly requiring the use of the 
spectrophotometer, as well as other procedures for which not even 
the spectrophotometer is available. These new procedures will 
be deseribed in a series of papers of which the present one deals 
with the design and operation of the apparatus, and indicates the 
nature and extent of its use in biological colorimetry. 


ral Conside rations 


The general principles of the single cell photoeleet ne colorimeter 
are briefly as follows: A beam of light (whose intensity can be 
varied at will, but which can be kept constant at any desired value) 
falls on a photocell which produces a deflection ina galvanometer 
to which it is connected. Tf an absorption cell contaimmg a 
colored solution is placed between lamp and photocell, the per- 
centage of light transmitted through the solution is proportional 
to the ratio of the final to the initial galvanometer deflection. 
The concentration of the colored substance in the sample ean then 
be read from a chart showing the variation of light transmission 
with concentration. No assumption need be made as to the nature 
of the relation between light intensity and galvanometer defleetion, 
nor between deflection and concentration. As long as the appa- 
ratus is constant in behavior, a colored solution which corresponds 
toa particular galvanometer reading at the time of calibration wall 
give the same reading at any future time. Inereased accuracy 
may be obtained by using color filters which transmit only that 
portion of the spectrum in which the solution has the correct 
degree of absorption (kennedy (3), Iexton (1), Sheard and Sanford 
(S), Koller (4), Millikan ()). Indeed, the color filter technique 
ean be refined to such an extent that it not only improves the 
accuracy of existing procedures, but renders entirely new ones 


possible. 
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ric. I Diagrammatic cross-see tion showing clectrieal cireuit. A 
rectangular apertures | inch high by ,y% inch wide; B, insulated binding 
post: FY, glass color filter (Corning or Jena glass); G, galvanometer; L 
Mazda No. 31 flash-light bulb; 7’, General Eleetrie blocking laver photocell; 
1.5 inch diameter aluminum reflector; to R,, control resistances; 
S, 6 volt storage battery, dry battery, or voltage-regulating transformer; 
Sie), mam lamp ewiteh: Nits, low range lamp switeh: inch soft 


glass test-tube. 
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scription of Apparatus 


In big. | is shown a schematic cross-section through the lowly of 
the colorimeter, together with a diagram of the simple electrical 
circuit, 

A beam of light from the lamp Z in the reflector R passes through 
the color filter F, and then through the colored solution in the 
absorption tube 7, which is mounted in a suitable holder between 
the rectangular apertures A, and A» which define the cross-section 
of the light beam. The transmitted beam falls on the photocell 
P, the current from which ts indicated on the galvanometer G,. 
The lamp is energized by the power supply S, and the intensity 
of the beam ts controlled by the rheostats Re and Ry. The legend 
to Fig. 1 contains the essential facts about the more important 
components. One must, however, emphasize the fact that suecess- 
ful operation of the apparatus depends on rigid: adherence to a 
definite set of optimum characteristics, not only in the electrical 
components but also in the mechanical assembly. Although such 
details cannot be given here,' a few additional notes on the various 
components are required to make clear the more inyportant features 
and advantages of the design. 

Source of Light) This consists of a Mazda No. 30 flash-lght bulb 
mounted in a hemispherical matte-surfaced aluminum reflector. 
The bulbs are individually selected for uniform plivsical and elee- 
trical characteristics, so as to be interchangeable without affecting 
the calibration of the instrument. The bulbs are run so tar below 
their rated voltage that their useful life is equivalent to almost a 
vear of hard service. 

This simple arrangement has advantages, The 
power requirement (1 watt) and the current drain (200 malliam- 
peres) are so low that the lamp ean be energized hy a6 volt storage 
battery. This insures extreme stability over long periods of time. 
The small current in the lamp cireuit also simplifies the problem: of 
ecntrolling the light intensity, since heating effects in rheostats 
are at a minimum. The light intensity ean be varied over an 
extremely wide range (200-fold), thus allowing the use of filters of 
widely varying densities. 

Power Supply — Yor best results and maximum stability a 6 volt 


‘The author will be pleased to supply full constructional details and 
drawings to anyone who cares to write to ask for them 
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lead storage battery is used. If this high degree of stability is not 
required, a standard 6 volt voltage-regulating transformer may be 
substituted, especially in localities where well controlled alter- 
nating current is available. Where portability is essential, 
satisfactory performance can be obtained with a 6 volt dry battery. 

The light intensity ean be varied smoothly over a wide range by 
the simple control cireuit shown in Fig. 1.) The only manual 
controls are the two switches and the rheostats Re and Rs which 
provide coarse and fine adjustment respectively. The fixed 
resistor, 2), limits the maximum voltage on the lamp to 5 volts, 
thus allowing an ample safety factor over the normal operating 
voltage of 6.2 volts. The switches Siw, and Swe are of the low 
contact resistance, mercury-to-platinum type. 

Color Filters Vhe glass color filters are mounted in brass filter 
holders (two filters to each holder) which can be moved up and 
down ina slot between the lamp and the absorption tube. Addi- 
tional filters are kept on hand in extra interchangeable filter 
holders. Suitable filters for every problem can be prepared by 
using Various combinations of different thicknesses of Corning and 
Jena glasses. These glasses are more stable than gelatin films, 
and are aecurately reproducible by spectrophotometrie standard- 
ization. The theoretteal basis of the use of light filters in colorim- 
etry, the mathematieal theory of the photoelectric colorimeter 
with light filters (bv analogy with spectrophotometer theory), 
and the technique of selecting filters for various problems will be 
fully diseussed in later papers of this series. By careful seleetion 
it is possible to acquire a small set of filters which will cover a wide 
range oft colormmetrie procedures, Ir order to bye able to select it 
combination of filters to isolate anv desired region in the spectrum 
(down to bands only 40 mu wide), it is necessary to accumulate a 
large stock of various thicknesses of all the sharp cut-off filters 
available. As long as one such set of filters exists, it is unnecessary 
for the individual user of the colorimeter to make a collection of 
his own, since when once the correct filter has been chosen, it can 


be duplicated as often as necessary from the origimal data. 
Absorption (ll Instead ot the conventional rectangular 
cemented glass cells, standard 7 & | inch, round bottomed, soft 
glass test-tubes are used. “The absorption tube fits into a bakelite 
sleeve which lines a brass tube, to the flattened sides of which the 
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other parts of the instrument are soldered. Interchangeable 
bakelite tubes with diaphragms of different sizes allow the use 
of samples of 6, 8, or 10 ce. instead of the usual 14 ec. “Tubes of 
uniform dimensions are obtained from the makers, and final selec- 
tion is made by filling all the tubes with the same colored solution, 
reading in the colorimeter, and discarding those which vary by 
more than 0.5 per cent from the mean. In this way one may easily 
obtain a set of 100 or more matched tubes which are inexpensive, 
convenient to handle, and easy to keep clean. 

The use of standard test-tubes greatly simplifies the operation 
and construction of the colorimeter. Since many interchangeable 
tubes are available, one may carry out the entire preliminary 
chemical procedure (except in a few special cases) in the same tube 
in Which the final colorimetric reading is to be made. As the aet 
of making a reading docs not in any way interfere with the solution 
under test, serial readings on large numbers of samples may be 
made as often as desired. This is particularly important in the 
ease of volatile media. The ability to make rapid serial readings 
On Numerous samples is invaluable in the study of the effect on 
color reactions of time, temperature, pH, and other variables. 

Photoelectric Cdl ~The General Electric blocking laver photoce|| 
has been found most suitable. The cells must be selected to have 
approximately equal output under tonditions existing in the 
colorimeter, but this is a convenience rather than a necessity, 
since each instrument is individually calibrated. By eliuuinating 
any possibility of heating effects, and by exposing the photocell to 
very low intensities of illumination (less than 1 foot) candle), 
photoelectric fatigue and temperature effects have been rendered 
negligible. In this connection it should be pointed out that a 
great deal of the Instability of certain photoeleet rie devices, com- 
monly attributed to “photoelectric fatigue,” is really due to 
heating effects in overloaded lamp circuits. 

Galvanometer ~The galvanometer should have a period of 3 
seconds or less, a coil resistance of about L000 olims, and an exter- 
nal critical damping resistance of about 5000 ohms. A full seale 
deflection of 100 divisions should correspond to a current of about 
2.5 microamperes. When many readings must be made at each 
sitting, a minimum of fatigue for the operator is assured by using 
an enclosed lamp and scale type of galvanometer, mounted on a 
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rigid shell at the level of the seated observer's eve. The Rubicon 
type 5408 spot light galvanometer is most Fora 
portable model a standard 13 microampere needle type meter 
(Weston, Noo is convenient. The photoeleetrie cell is con- 
nected directly to the galvanometer, for whieh it supplies a suitable 


fleetor: 2. filter compartment; handle of filter slide; 4. test-tube in holder; 


eternal damping reststamee.  Sinee the calibration will be slightly 
results willonly be obtamed when evervone uses the same type of 
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eell, When a blank tube filled with a colorless solvent such as 
water is placed in the holder, it acts as a cylindrical lens which 
concentrates the light beam on the photocell. The galvanometer 
reading with a blank tube (referred to as the “blank setting’’) is, 
therefore, greater than the corresponding reading with the holder 
empty (referred to as the “‘center setting’). The ratio between 
the two is about 1.5, and is determined by the geometry of the 
system, the wave-length of the light, and the refractive index of 
the contents of the tube. Sinee this ratio is constant for any one 
type of determination, it is immaterial whether the initial deflee- 
tion is adjusted with the holder empty, or with a blank tube 
(containing solvent only) in place. 

The operation of the colorimeter may now be summarized. The 
proper filter is selected, a blank tube containing pure solvent is 
inserted, and the rheostats are adjusted until an initial deflection 
of 100 divisions is obtained. The blank tube is now replaced by 
the sample tube, the new deflection is noted, and the corresponding 
Value of the concentration is obtained from the proper calibration 
chart. After each reading the galvanometer returns to the 
original center setting, and the operator soon develops the habit of 
almost automatically checking its stability before inserting a new 
tube. This safeguard is valuable, although even this slight 
automatic readjustment of the setting should not be necessary in a 
series of twenty readings. The speed with which readings can be 
made is limited only by the time taken by the galvanometer to 
make the necessary excursion, so that ten readings per minute can 
he made with ease. 

In calibrating the apparatus one makes up carefully and in triph- 
eate a series of standards of different strengths to cover the desired 
range, and plots the best eurve possible through the resulting 
points. No attempt should be made to read the galvanometer 
more closely than to the nearest half division, since this furnishes 
as much aecuraey as can be expected from most colorimetric 
procedures. Sinee no color standards are required from day to 
day, the net result of this method of calibration is that the accu- 
racy of each day's results is maintained at a level corresponding to 
the greatest accuracy attainable under the most favorable condi- 
tions. In future papers dealing with various procedures which 
have already been investigated, full instructions will be given as 
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to the method of preparing a set of standards for calibration which 
will give an evenly spaced array of points. 


Application of the Apparatus 


A single pair of filters has been chosen with just the right degree 
of sensitivity to allow the apparatus to be used in place of the 
Duboseq colorimeter in all the standard colorimetric procedures, 
without the introduction of any modifications except the climina- 
tion of color standards. 

When the most highly selective filters possible are used, the 
perfect stability of the readings allows accurate determunation in 
extremely pale solutions. ‘This has made possible series of 
micromethods in which the useful range of various standard 
procedures has been extended far below the lower limits of visual 
colorimetry. The appheation of the apparatus to the accurate 
detection of the end-poimts of titrations is self-evident. “The inftra- 
red sensitivity of the photocell has encouraged the investigation 
of the “colorimetry” of nearly colorless solutions which have 
strong absorption in the infra-red but litthe or mone in the visible 
region. 

Studies of the behavior and velocity of color reactions are facie 
tated by the direct reading nature of the device, and by one’s 
ability to make serial readings on large numbers of tubes im such a 
way that the act of making a reading does not in any way disturb 
the solution or necessitate the making of an adjustment to the 
apparatus before the next reading can be made. Rapid serial 
readings are invaluable the quantitative determination of 
rapidly changing colors, since the panne of maximum color dey elop- 
ment can be accurately determined. 

By taking advantage of the wide range and reserve capacity ot 
the illuminating system, highly selective filters can be used when it 
is necessary to eliminate the interfering effects of extraneous 
colors, or to determine independently both components of a mix- 
ture. It isin this field of heterochromatic colorimet ry (lor 
ple, the analysis of mixtures of hemoglobin derivatives) that the 
instrument has found its widest applieation. Apart from its use 
for quantitative colorimetry, the apparatus may be used as a 
qualitative colorimeter for color matching and specification, by 


means of approximate trichromatic coordinates based on meausure- 
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ments in three narrow spect ral regions corresponding to the three 
primary colors. 

Being essentially a photoelectric photometer, the apparatus may 
also be used as a nephelometer, especially in colored media in 
which the error due to absorption by the color itself can be elimi- 
nated by the use of suitable filters. For example, nephelometric 
measurements on red blood cell suspensions (made with a red 
filter to eliminate hemoglobin absorption) have been applied to the 
making of approximate rapid red cell counts, to the study of the 
kineties of hemolysis, and to the determination of the fragility of 
red blood cells. 


Results 


The essential factors in the performance of the colorimeter on 
Which data must be given are (1) precision (reproducibility of 
readings on duplicate samples), (2) accuracy (actual deviation 
from the true result), and (3) permanence of calibration (repro- 
ducibility of readings on the same sample from day to day). Data 
on all these points ean best be given by reference to a single 
speciiie procedure. “The determination of hemoglobin has been 
chosen because it involves no complex chemical manipulations, so 
that any errors which occur must be due entirely to defeets in the 
instrument itself. Moreover, the Van Slyke oxygen capacity 
mnethod provides a standard of known accuracy for purposes of 

From the data presented in Table I, the following conclusions 
may be drawn with regard to the three factors listed above. 

Precision The figures in the second column of Table ] indicate 
that the range of variation in samples set up in duplicate never 
exceeds T percent. In terms of actual galvanometer readings this 
corresponds to one-half of 1 seale division. This may be taken as 
the maximum allowable variation, and is due almost entirely to 
practical limitations in the accuracy with which sets of matched 
tubes may be seleeted. None of this variation is due to random 
fluctuation in the light souree, as this would never produce an 
alteration in the blank setting of as much as 0.05 division (in 100) 
during the time of making a reading. 

Accuracy The figures in the third column of Table I indicate 
that the probable error between the average of duplieate Van 
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Slyke and photoelectric determinations is of the order of +2 per 
cent. This includes the operation of delivering 0.05 ce. of blood 
(from a calibrated pipette) into 20 ee. of diluting fluid. This 
degree of accuracy has been found in all of the other procedures in 
which there ts a reliable method of establishing the true results. 
Permanence of Calibration The determinations whose results 
have been used in Table I have been chosen at random from our 
records over a period of about 2 years. There is no sign of any 
deterioration of performance, or of the development of systematic 


TABLE | 


Comparison of Hemoglobin Determinations by Van Slyke Oxygen Capacity 
Method and hy Photoelectric Colorimeter 
The original calibration of the photoelectric colorimeter was made by 
means of Van Sivke determinations. Results are expressed as percentages 
of an arbitrary normal of 20.9 ec. of oxygen per 100 ec. of blood 
Duplicate determinations were made. The figures in parentheses repre- 
sent the averages. 


Van Slyke Photoelectric 
100.2 6 (90.9) 100.0 0 (10005) +O 6 
94.5 “4.4 (94.35) 03.5 93.5 (93. 5) O49 
SS 0 s7 4a (S705) S70 (M75) | 
112.5 113.1 (112.8) 110.6 (111.1) 15 
75.3 74.5 (74.9) 741.0 75.0 (74.5) 
67.6 Hs 4 (Os 0) O75 1.5 
108.0 1078 (107.9) (10 0) 1s 
70.2 (70.5) 71.5 (710 +0.7 


errors greater than the admitted limit of +2 per cent. Possible 
causes of changes in calibration are deterioration of the lamp 
filament and small random changes in the spectral response of the 
photocell. Deterioration of the lamp is minimized by the low 
operating voltage; in addition, the lamp is checked against a 
standard lamp (never used for any other purpose) at intervals of 


about 3 months. Lamps are discarded as soon as deterioration is 
detected instead of waiting for them to burn out. The effect of 
small changes in photocell response can be rendered negligible by 
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adhering to certain definite principles in the choiee of color filters. 
This will be dealt with fully ina future paper on the general theory 
of the use of filters in photoelectric colorimetry. 


SUMMARY 


A simple, easily constructed photoelectric colorimeter of the 
single photocell, direct reading type has been deseribed. In this 
instrument, exceptional stability is secured by using a lamp of 
such low power requirement that it may be operated by a storage 
battery. 

High illuminating efficiency obtained by the use of a reflector 
and smooth eontrol of light intensity over a wide range permit the 
use of color filters of very high selectivity, thus greatly extending 
the scope of the apparatus. 

In addition to the usual advantages inherent in the objective 
type of colorimeter, simplicity and convenience of operation have 
been improved by using standard test-tubes in place of conven- 
tional absorption cells. 

Complete mechanical rigidity, absence of moving parts, and a 
large safety factor in all important components eliminate the usual 
eauses of unsatisfactory performance. 

The instrument has been used in the development of a number of 
new techniques involving analysis of mixtures of colored sub- 
stances in solution. These will shortly be reported in detaual. 
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ON BLOOD FIBRIN 
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Recently a reagent for the quantitative isolation of proline was 
developed in this laboratory, and with its aid it was shown that in 
gelatin the amino acids, glycine, proline, and hydroxyproline, 
oceurred in molar quantities defined by the simple numerical ratio 
of 6:3:2 (1). These results are reproduced in Table ‘ supple- 
mented by analytical values for arginine, lysine, leucine-isoleucine, 
and alanine. 

In view of the striking regularities noted in the ease of gelatin, 
it became desirable to determine the validity of similar relation- 
ships in a second protein. Blood fibrin was chosen as a typical 
example and two commercial preparations were obtained for 
analysis. One was of foreign origin (Hoffmann-La Roche, Basel) 
and the other domestie (Eimer and Amend, New York). Only 
those amino acids were determined for which trustworthy quanti- 
tative methods were available. The pereentage composition thus 
obtained is presented in Table IL, and the values are compared with 
those resulting from previous investigations. It is of interest to 
note that the vields obtained im this study for proline, glutamic 
acid, and aspartie acid are significantly higher than those reported 
earher, 

The percentage composition recorded in Column 1 of Table II 
was reealeulated on a gm. molecular basis, and is presented in this 
form in Table TLL On examination of Column 3 of Table III, it 
is seen that beef fibrin produces equivalent amounts of argmine, 
aspartic acid, and proline on hydrolysis. This fact suggests that 
the formation of beef fibrin from its constituent parts follows, im 
one way or another, certain stoichiometrical principles. Addi- 
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Amino Acid Conte nt of Gelatin atte r i ydrol {zis 


Weisht | Mel. wt Gm Ratio Perio 
(mine maa ad ules cv vy 
] 4 5 
perry 
Hvdroxvproline 131 O11 
Arginine (2)* 9 174 0 052 Is 
Alanine (3) 7 0 098 
Lysine (3) 5.9 146 0 O40 ; 2 


* The figures in parentheses represent bibliographic references 


Il 
Amino Acid Content of Cattle Fibrin after Hydrolysis (Weight in Per Cent) 
Eestimatior . reported ri liter ifure 


Estimations 
reported im thos 


Amino acid pa per By isolation Ke { olommetric 
‘ 
Arginine 74 7.0 (4) 7.9 (6)° 7.6 (9) 
4.6 (5) 7.6 (7) 
7.4 (8) 
Histidine 2.4 2.1 (5) 3.2 (7) 3.4 (10) 
2.8 2.8 (8S) 2.2 (i}) 
Lysine 10 1 5.2 (2) 10.6 (7) 
13.0 0s) 
Glutamic acid | 13.8 6.6 (12) 
14.1 10.4 (13) 
Aspartic acid 5.9 1.7 (12) 
45 2.0 (13) 
Proline 47 2.4 (12) 
5.1 (13) 


* This value was obtained by the arginase method. 


tional evidence supporting this contention is found on further 
consideration of Columns 3 and 5' of Table III. 


1 The ratios in Column 5 were obtained from the experimental values 
presented in Column 3. 
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The ratios given in Column 5 (Table IIL) were converted into 
gm. molecules through a simple calculation with the value 0.0443 
(gm. molecules of arginine, aspartic acid, and proline) as a base. 
The ecealeulated values are to be found in Column 4, and it is 
evident that the difference between found and caleulated values 
is in no case more than 5 per cent. In view of the numerous 
manipulations that are associated with each individual analysis, 
the agreement noted can be considered as satisfactory. 

Impressive stoichiometrical relationships have now been 
encountered in the ease of two separate proteins, and it is obvious 


Ill 
aot Amino Ac sels Blood Fibrin aller Hudrolysis 


(im. molecules 


\mino acid — Caleu- Ratio dicity 
Found lated 

4 ' 5 (6) 
Glutamic acid 141 147 O95, O O00, 72 
Arginine 7.7 7A O OFF, $2 Is 
Aspartic 59 OA, $2 IS 
Proline 115 () (hil, 32 Is 
Trvptophane (14)° 50 14 #$Ooo24, 0.024, 18 32 
Histidine 2.5 OO, O O16. 12 48 
Methionine (15) 2 6 1490) O17, O 12 48 
(16) 15 008, 006, Ot bat 


* The figures in parentheses represent bibliographic references. 
r aleulated as evateine 


that these findings must have a role in the definition of the strue- 
ture of the protein moleeule. The simplest explanation lies in the 
assumption that the structural units of fibrin and gelatin are 
periodically arranged within the peptide chain and that each unit 
exhibits its own particular periodicity. On the basis of this as- 
sumption the periodicities of the various units (amino acid resi- 
dues) contained im fibrin were calculated and are recorded in 
Table ILL, Column 6. The method of calculation can best be 
illustrated by the following example. Arginine and glutamic acid 
are present in fibrin in the ratio of 32:72 and it follows that their 


‘ 

% 

‘ 
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periodicities can be expressed as one of several inverted ratios, 
e.g. 9:4, IS:S, 36:16, 72:32, ete. Therefore, considering the 
periodicity of glutamic acid alone, one finds the values 4,8, 16, 32, 
ete. are mathematically possible. “The question as to which of the 
above values is the correct one, when all of the other amino acids 
are considered, enn be decided with the ni of the following 
equation. 
Px AW lim) 


periodicity of respective amine acid 


" 


where P 
AW = average residue weight of all amino acids 
Vue = molecular weight of respective aming acid 

a percentage of respective amino acid in hydrolysate 


With P equal to 4, 8, and 16, the caleulated values for AW are 
260, 130, and 65 respectively. [It is at onee evident that the 
periodicity of glutamic acid in cattle fibrin can only be S; that is, m 
every molecule of this protein each glutamic acid residue is sepa- 
rated from the pres lous and sueceeding ones ly seven other amino 
acids. It should be pointed out that, regardless of the vahiality 
of the periodicity hypothesis, the fact remains that one-cighth of 
the amino acid residues present in beef fibrin appears as glutamie 
acid upon hydrolysis of the protein. 

On examination of the periodicities of the vartous amine aes 
presented in Column 6 of Table IIL, it was noted that all of the 
values can be considered as members of one of two arithmetical 


SETIOS, 


Similarly, in the ease of gelatin (Table the ios were 
again members of a simple series. 


It is apparent that these eXpressions are derived from the prime 
numbers 2 and 3. This fact may be of signifieanee in relation to 
the ability of these enormous protein molecules to assume a erystal 
structure. In considering the formation of fibrin and collagen im 
vivo, itis apparent that the natural growth processes must provide 


i 
| 


—— 
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a mechanism capable of making a precise selection among the 
available structural units so that the complicated stoichiometrical 
pattern with many superimposed periodicities may be obtained. 
Here, indeed, is an amazing example of a very complex specificity 
phenomenon, 

The preceeding paragraphs have been restricted to a discussion of 
two proteins, namely fibrin and gelatin. However, on examining 
the literature pertinent to the analysis of proteins, one can find 
further suggestion of valid stoichiometrical relationships. In this 
connection the observations of Vickery and of Block are perhaps 
the most extensive (17-20). These authors, studying the basic 
amino acids, have encountered striking ratios in the case of 
mammalian hemoglobins, avian and mammalian orosins, and 
keratins. 

A short time ago, in addition to introducing new methods for 
the isolation of proline and glycine, two possible formulas for 
gelatin were advanced (1), ¢.@. 

(I) 

Furthermore, it was indicated that it was possible to differentiate 
between these two formulas through the isolation of large quanti- 
ties of peptides containing glycine and proline and the determina- 
tion of the sequence of the amino acids in the isolated peptides. 
Through the application of the kyrine procedure of Siegfried, 
Grassmann and Riederle (21) isolated a tripeptide from gelatin 
and, with the aid of the new proline reagent, characterized it as 
lysviprolvlgiveine. This finding appears to support Formula IL. 


EXPERIMENTAL 


Preparation of Fibrin Hydrolysate 300 gm. of commercial fibrin 
(Kimer and Amend or Hoffmann-La Roche)? were refluxed with 
1500 ce. of 20 per cent hydrochloric acid for 15 hours. After 
cooling, the acid-insoluble humin was removed, washed with cold 
water, and the combined filtrate and washings were concentrated 
toa thiek svrup. This residue was repeatedly taken up in water 
and evaporated, until the major portion of the hydrochloric acid 
had been volatilized. The hydrolysate was then made up to 1 


? Both of these fibrins were prepared from beef blood. 
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liter, When prepared from the Eimer and Amend fibrin, 100 ce, 
of this solution were equivalent to 25.65 gm. of moisture- and ash- 
free protein In the ease of the Hoffmann-La Roche sample, the 
same Volume contained 23.00 in. (corrected), 

l-Proline 200 ec. of fibrin hydrolysate (Eimer and Amend) were 
diluted to 1 liter and 20 ce, of a 10 per cent solution of phospho- 
tungstic ackl added under Wworous stirring. The insoluble 
fraction was removed by filtration and the light vellow filtrate 
concentrated to 170 ec. To this solution were added 16.0 gm. of 
recrystallized ammonium rhodanilate in 102 ec. of methyl alcohol, 
and the mixture was shaken on the machine for 24 hours. After 
standing overnight in the cold room, the homogeneous ervstalline 
precipitate was collected and dried in the usual manner (1). The 
proline rhodanilate thus obtained weighed 12.0 iii. ana possessed 
the correct Composition, 


NS Cr) (CH,ON)- TO. Caleulated C 41.7, H4.3. N 162 
bound. * 4.4. 160 


Corrected for the minimum solubility of proline rhodanilate in 
the mother liquor (¢.g., 5 per cent (1)), the vield was raised to 
12.6 gm., which is equivalent to 24 gm. of proline or 4.7 per 
cent of the hydrolyzed protein. A second estimation gave 5.1 
per cent, and from the Hoffmann-La Roche sample 4.9 per cent 
was obtained. 

l-HHistidine 200 ec. of fibrin hydrolysate (kimer and Amend) 
were diluted to 1 liter and the residual hydrochloric acid was 
removed with silver oxide in the presence of sufficient sulfurnie acid 
to maintain the solution strongly acid to Congo red. After a 
thorough washing of the precipitated silver chloride, the filtrate 
and washings were concentrated to a volume of 1 liter and the 
histidine was separated through the use of the silver-barvta 
procedure, as described by Vickery and Block (23). By this 
method 5.80 gm. of histidine diflavinate of the following compost- 
tion were obtained. 


2(C, H.N.SO,)-(C.H N.O.)- HO. Caleulated, N 12.2; found, N 12.1 
When converted to histidine, the vield is 1.12 gm. or 2.2 per cent of 
the hydrolyzed protein. According to Vickery and Leavenworth 


* Nitrogen content equals 17.7 per cent (22). 


— 
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(24), one may expect to recover approximately 90 per cent of the 
histidine present when working with quantities of protein as 
employed above. Therefore, the corrected histidine content 
becomes 2.4 per cent. A similar experiment with Hoffmann-La 
Roche fibrin vielded 2.5 per cent (corrected) histidine. 

d-Arqinine The arginine fraction resulting from the histidine 
estimation (Kimer and Amend fibrin) was treated according to 
Vickery and Block (23) and after drying at 105°, 10.0 gm. of argi- 
nine flavinate were obtained. 


(CoH (CAH Caleulated, N 17.2; found, N 17.0 


When converted to arginine, the yield is 3.57 gm.; and after 
correction for the solubility of arginine silver in 6000 ec. of solution, 
+g. 0.22 gm. of arginine (19), the yield becomes 3.79 gm. or 7.4 per 
cent of the original protein. As a check on the above value, 100 
ec. of hydrolysate (Eimer and Amend) were diluted to 1 liter, and 
the solution was adjusted to pH 3.5 by the cautious addition of 
silver oxide. After removing and washing the precipitated silver 
chloride, the solution was heated to 90° and treated with 100 ce. 
of water containing 8.0 gm. of flaviamie acid. After standing in 
the cold room for 3 days, the arginine flavinate was collected, 
recrystallized as directed by NKossel and Gross (2), and dried at 
105°. The yield of arginine flavinate under these conditions was 
5.5 gm., which is equivalent to 7.7 per cent argimine. 


Caleulated, N 17.2; found, N 17.0 


A similar determination, with Hoffmann-La Roche fibrin, gave 
7.4 per cent argimine. 

d-Lysine The lysine fraction resulting from the estimation of 
histidine and arginine by the silver-baryta method (1) was sub- 
jected to the procedure of Viekery and Block (23) as modified by 
Block (19). From 200 ee. of original hydrolysate (Eimer and 
Amend) 11.5 gm. of lysine picrate (m.p. 260° with decomposition) 
of the following composition were obtained. 


(C Caleulated, N 18.7; found, N 18.8 


When converted to lysine, the vield is 4.48 gm., to which must be 
added 0.23 gm. as a solubility correction arising from the solubility 
of lysine phosphotungstate (25), giving a total vield of 4.71 gm. 
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or 9.2 per cent of the hydrolyzed protein. Block (25), citing 
unpublished experiments, states that under the above conditions 
the yield of lysine, corrected for the solubility of lysine phospho- 
tungstate, is about 90 per cent of the amount actually present. 
Allowing for this additional correction, the amount of lysine in the 
fibrin hydrolysate is raised to 10.1 per cent. 

d-Glutamic Acid—200 ce. of hydrolysate (keimer and Amend) 
were diluted to 2 liters and the basic amino acids removed with 
phosphotungstic acid as directed by Van Slyke (7, 26). The fil- 
trate from the phosphotungstic acid precipitation was freed of 
excess reagent by extraction with amyl alcohol and ether, and the 
resulting solution of monoamine acids evaporated to a thick svrup. 
The syrupy residue was taken up in 300 ce. of water and the glu- 
tamic and aspartic acids were isolated as their barium salts, 
according to the procedure described by Jones and Moeller (27). 
On decomposition of the barium salts, 4.5 gm. of glutamic acid 
were isolated as the hydrochloride (5.6 gm.). 


NCI. Calculated, N 7.6; found, N 7.6 


From the mother liquors after the separation of aspartic acid ar 
additional 2.6 gm. of glutamic acid were obtained, making the tetal 
vield 7.1 gm. or 13.8 per cent of the hydrolyzed protein. The 
vield from the Hoffmann-La Roche sample was 14.1 per cent. 
l-Aspartic Acid The filtrate and washings resulting from the 
separation of glutamic acid hydrochloride (above) were treated as 
directed by Jones and Moeller (27), and the aspartie acid was 
isolated in the form of its insoluble copper salt. From 200 ee. of 
original hydrolysate (Eimer and Amend) 6.1 gm. of copper aspar- 
tate were obtained. 
C,H,O.NCu-4H.0. Calculated. N 5.3, Cu: 


“gn 


Found. 5.5 


When converted to aspartic acid, the yield is 3.05 gm. or 5.9 per 
cent. In the case of the Hoffmann-La Roche sample, the yield 
was 4.8 per cent, but this low value was associated with known 
manipulative losses, 


*On p. 435, under the title “Separation of aspartic acid,” the obvieus: 


step of removing the excess silver and sulfate ion after the precipitation 
of hydrochloric acid with excess silver sulfate is not mentioned 
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EFFECT OF SHORT ELECTRIC WAVES ON 
STEROL COLLOIDS 
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In recent years numerous investigations have been concerned 
with the effeets of short electric waves on biological materials. 
Almost exclusively they deal with the heat effeet, which, in our 
opinion, is an indireet one ard is certainly not distinetive for 
electric waves. With the exception of some seattered observa- 
tions (1,2), the question of a specifie effect, aside from the heat 
effect, was left open. 

In order to deteet such an effect it was necessary to study the 
conditions for accurate temperature regulation, and to find a 
system sufficiently unstable to respond to a small stimulus. A fair 
degree of temperature control had been attained by Hicks and 
Szymanowski (1). We followed their technique in large measure. 
It was more difficult to find a colloid suitable for such experiments, 
but a whole set of such colloids was found in cholesterol and 
cholesterol esters, which show interesting instabilities with age 
and are at the same time heat-stable. The stability to heat was a 
particularly fortunate feature because it helped to eliminate all 
doubt as to residual fluctuations that are present even im the most 
accurate temperature regulation. Since the effeet observed was 
an accelerated coarsening of the colloid, we measured the coarsen- 
ing by means of a nephelometer. It was necessary to run strict 
blanks for each condition and to restrict the work to practically one 
wave-length, 4.8 meters, and one strength of colloid, namely 0.3 
mg. per cent. 

EXPERIMENTAL 


Preparation of Colloids The colloids were prepared by adding 
1 per cent acetone solutions of cholesterol or cholesterol acetate 
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to boiling distilled water, and continuing the boiling till the last 
traces of acetone were gone. The strength was adjusted to 0.5 
mg. per cent by addition of water after filtration through sintered 
glass filters. The sterol or sterol ester used was rendered free of 
oxidation products by repeated reerystallizations from. acetone. 
The oxidation products tend to stabilize the colloid unduly. 
Operation of Short Wave Generator The generator was a variable 
wave-length oscillator with an inductively coupled resonating 


7, waler inlet 


woler oullef 


inner electrode 
Kopper Cube) 


ouler electrode 


lrealmert 


Fic. 1. Wave exposure apparatus. The outer glass tube measures 


7 X 2em.; the other parts to seale. 


circuit made especially for this work and loaned through the 
generosity of the Westinghouse X-Ray Corporation. As this 
particular machine gave a maximum output at a wave-length of 
4.8 meters, the work was done at that wave-length principally. 
As the output in the condenser field and the transfer of energy 
hetween the condenser plates is affeeted considerably by leakage 
through moisture around the outside of the cooling system, the 
output regulation was difficult, especially in damp weather, and 
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had to be watched constantly. ‘The output in these experiments 
ranged from 400 to 490 milliamperes. 
Wave Exposure Apparatus — big. 1 shows the set-up. 


Taste 


ning of rol Colloids on Irradiation with Short Electric Waves 


Shutter openings of nephelom- 


Nge eter with unorradiat stand- 
Cotteid Wave ard at seale divisions 
cur i 
5.0 wo 150 20.0 
is 148 is |6.1 | 12.2) 18.0; B.7 
Average 
(Cheolesteral 2 | is lo 4 " 4 71 
is 6.0), 124) 19.1 
| Cholesterel 5.0: 10.4) 15.9 
Acetate | is 7 5.0; 10.7) 16.2 
fim) is 21 5710.9; 15.9 
238 21 56; 10.9 15.9 
Cholesteral | is loo 2 
Acetate 2 | 0 5.21 10.21 33.2 
5.3 >) 55 09 164 
| 14.7 53:106 16.7 
$30) 2 | 14.1 5.4) 10 7 
7 [18 6.0; @ »6 #317.9' 248 
468.3) 48 | 1! | 


Nephelometer The instrument used was an Ernst Leitz Wetzlar 
No. 2559. At least tweaty readings were taken for each solution 
at four different settings. 


Procedure 


A colloid is introduced into the apparatus, and is then irradiated 
by the waves for a definite span of time. Another sample is 
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exposed to the same conditions without irradiation. ‘The two 
solutions are compared in the nephelometer at defmite time in- 
tervals. As a blank the unirradiated solution is compared with 
itself as a check on the settings of the apparatus. 

The data are summarized in Table 1. Two cholesterol and two 
cholesterol acetate colloids were used. In two cases the wave- 
length was varied to 5.5 meters. The time of operation has been 
kept at 1 hour, since the apparatus operates badly after 14 hours. 
In the eases in which the exposures were more than an hour, the 
result was obtained by the addition of runs lasting 1 to 14 hours. 

Special experiments were run to determine the effeet of tempera- 
ture on the stability of the colloid. No difference was noted in the 
nephelometer between colloids kept for an hour near boiling, over- 
night im the ice box, and at ordinary room temperature. 

Samples were also kept in different contaimers, such as soft 
glass and Pyrex flasks and measuring tubes, without effect on the 
nephelometer readings. 


DISCUSSION 


Dilution of a typical cholesterol colloid of the strength used im 
these experiments shifts the nephelometer shutter opening read- 
ings to higher values. At half strength these rise to 7.9, 16.7, 
and 25.4 for the corresponding full strength readings of 5.0, 10.0, 
and 15.0. We have therefore observed an effect akin to the effect 
of dilution, a decrease of surface, which we can attribute most 
plausibly to a coarsening of the colloid treated with the short 
electric waves. Our largest effect corresponds to a reduction of 
material of about 25 per cent. 

Qur chief concern has been in making sure that the effect is 
positive and reproducible, The results were always positive. A 
high degree of reproducibility is indicated in the experiments on 
Cholesterol 1, for which the results have been averaged in Table I. 

Definite trends are observable. The effect is increased with the 
age of the colloid, as particularly shown by the experiments with 
Cholesterol 2. This colloid, however, was more stable than 
Cholesterol 1, the cholesterol being of somewhat lower melting 
point owing to impurities. The results are not as clear cut for a 
still more stable colloid, as Cholesterol Acetate 1 turned out to be. 
The results again are a little clearer in the case of Cholesterol 


| 


W. M. Malisoff and F. A. Stenbuck 91 


Acetate 2 for both wave-lengths. There seems to be no definite 
effect that can be attributed to a change of wave-length for the two 
tried. The effeet of time of exposure is also definite but not 
strongly marked, the age of the colloid being a much more im- 
portant factor. All these observations, obviously, are in line with 
the supposition that a coarsening of the particles takes place. One 
would expect the clumping to show in a more marked fashion with 
older colloids, and to increase with time of exposure. Since the 
effect is visioned to be a physical one, rather than a chemical one, 
because of the low quantum of energy in the radiation, one would 
not expect a marked effect due to change in wave-length. 


SUMMARY 


Short electric waves of the order of 5 meters have a coarsening 
effect on aging cholesterol and cholesterol acetate colloids. The 
effect is independent of temperature and shows a tendency to 
increase with the age of the colloid and the length of time of 
exposure, 
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The question of the relationship of spatial configuration to 
physiological activity has been the subjeet of a considerable 
number of investigations and many instances of specificity with 
regard to spatial configuration have been found. One need only 
recall the very striking difference in the effect on the blood pressure 
of levorotatory and dextrorotatory adrenalin, the former being 15 
times as active as the latter (1), to realize what differences can be 
found in the pharmacological action of optical isomers. 

Although numerous studies of such a nature have been carried 
out on pressor substances, surprisingly little work has been done 
from this standpoint on depressor compounds. In facet von Braun 
and Jacob (2) stated as recently as 1933 that no study of the in- 
flienee of configuration upon the pharmacological effeet of blood 
pressure-lowering substances had, to the best of their knowledge, 
been made upto that time. These investigators therefore under- 
took the study of the action of d- and -fenchelylisocyanate de- 
rivative of choline and found that both isomers exerted about the 
same degree of depressor activity. On the smooth muscle of 
the earthworm, however, the d derivative was 50 times as active 
an exeitant as the levorotatory isomer. Recently Major and 
Bonnett (3) succeeded in preparing the optical isomers of acetyl- 
3-methyleholine and studied their musearine-like action on the 
blood pressure. They observed that acetyl-/-3-methyleholine was 
approximately LOO times less active than the racemic isomer, Of 
course, the results of these two investigations are not necessarily 
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comparable, since in the fencehelyl compound the asymmetric 
earbon is in the aevl group, whereas in the latter case it is present 
in the choline portion of the molecule. Aside from these two 
studies we know of no others on the relationship of spatial con- 
figuration to depressor activity. We therefore became interested 
in Whether specificity with regard to spatial configuration existed 
in the case of the blood pressure-lowering dipeptide carnosine, 
B-alanyl-d-histidine, which occurs in muscle tissue. 

The fact that carnosine is a dipeptide consisting of an optically 
inactive B-amino acid attached to an optically active amino acid, 
l-histidine, attaches particular interest to the pharmacological 
activity of its enantiomorph. Since both d- and /-histidine appear 
to be utilizable physiologically for growth purposes (4), it might be 
expected at first sight that both isomers linked with 8-alanine 
would be pharmacologically active. On the other hand, we have 
found in the case of tryptophane that, although both d- and l-tryp- 
tophane are physiologically utilizable, the acetyl derivative of the 
d-tryptophane, the foreign isomer, is not utilized, in contrast to 
the acetyl-l-tryptophane (5). From this standpoint one might 
surmise that the @-alanyvl derivative of d-histidine might have 
little or no action. From still another standpoimt it might be 
expected that the d-carnosine might even be more active than the 
l-carnosine. If the transitory nature of the aetion of L-carnosine 
on the blood pressure were due to the hydrolysis of the peptide by 
some special dipeptidase, then it is conceivable that the unnatural 
isomer Which might be resistant to hydrolysis might even produce 
a more lasting effect. A somewhat analogous situation might 
exist in the case of acetyl-6-methyleholine. bor example, the 
acetyl-/-8-methylcholine might have intrinsically a greater effect 
on the blood pressure than the dextro isomer, but, being hydrolyzed 
more rapidly by the esterase of the blood, its total effect might be 
less, 

In undertaking the preparation of the d-carnosine, we decided to 
prepare it by first isolating d-histidine and then linking it with 
B8-alanine rather than by racemizing the -carnosine and resolving 
the racemic isomer. The l-histidine monohydrochloride, isolated 
from dried blood corpuscles, was therefore racemized by a slight 
modification of the method worked out by du Vigneaud and 
Meyer (6) for the racemization of certain other amino acids. 1 


Vo du Vignesud and 
miele of histidine was treated with 20 moles 
of anhvelride and 2.2 moles ot Nal med the Temperature 
of the renetron ke poe cal for hours. The resulting acetvl-dl- 
histidine was hverolyzed and the tree di-histidine was resolved 
with tartare send hy the method of Pyinan The d-carnosine 
then prepared the method worked out ly Sifferd and «du 
Vignenud (S) for -earnosime. The d-histidine methyl ester was 
condensed with carbobenzoxv-3-alanine azide and the resulting 
methyl ester was sapontfied 
the CorbobenZony ~polit oft by reduetion with hvdrogen 


ithe presence ot palladium. The d-carnosine possessed a speerfie 


wr 1 The left-hand seetion shows ervstals of /-carnosine: the right- 


rotation of lal 20.4 and a melting pomt of 260°, which 
correspond closely te the values reported tor -earnosine (8); 
namely, a melting point of 200° and sa speenie rotation of = 
‘The furthermore, the ervstalline 
~trueture as -earnosine, as shown im Fig. The ervstalline 
hvdrochlorides were also prepared and the two forms were 
foune to have the same ervetalline structure and melting 

Phe d/-carmosine Was prepared by mixing exnetly equal amounts 
of the setive isomers and ervstallizing the mixture from water and 
sleohel The dl-earnosine melted at 260° and appeared to have 
the same ervstalline straeture as the aetive forme, 

The effeet ot d-cormosime and d/-carnosine on the blood pressture 
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Was tested by intravenous injection of the compounds mite eats 
under both sodium amyvtal and luminal anesthesia, the blood 


pressure bemg recorded in the usual manner from the carotid | 
artery. As shown in Pig. 2, d-carnosine in 20 times the dose of 
l-carnosine produced no depression in the blood pressure, thurs 
demonstrating the remarkable difference in the depressor activity 
of these two optieal isomers. The depressor aetivity of the 
compounds was also tried on rabbits under sodium amvtal The 
sume lack of depressor activity on the part of the ce \tro isomer Was 


observed. The dl-carnosine, tts world bye expected, exerted 
one-half as much activity as the naturally occurring isomer. 


hig. 2. Effeet of d- and /-carnosine on the blood pressure of a eat under 


luminal nhesthesin 


water, The solution was cooled to OF in an bath and 250 ce 
of acetic anhvdride were added im portions, with shaking 
cooling. The reaction mixture was then kept at 50 55° for 16 
hours, and, atter the solution was cooled, 41.1} ee. of SOLON TLSO, 
were added. The solution Was concentrated toon thick 
evaporated. “This was repeated two more times. An oly 


remamed whieh Was extracted with AW oe efthivi aleohol ith 


four portions. The aleohol extracts were combined and the 
tleohol was removed by vacuum distillation. oil restive 


remained which was taken upin ee. of hot water, and 2 volumes 


of neetone were added. When the solution was cooled to OQ), the 
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acetyl-di-histidine erystallized. 18.5 gm. of the material were 
obtained. It melted at 148° (corrected), which agrees with the 
value given by Bergmann and Zervas (9). The product possessed 
no rotation, indicating complete racemization. 

In a flask fitted with a condenser connected by a ground glass 
joint, 18.5 gm. of acetyl-dl-histidine and 370 ec. of 2 N HCl were 
placed. ‘This mixture was heated for 1 hour in an oil bath at 125- 
130°. After treatment of the solution with norit, the filtrate was 
concentrated in vacuo. The residue was dissolved in 600 ec. of 
warm ethyl aleohol and after the solution had been cooled to room 
temperature, 50 ec. of freshly distilled aniline were added slowly 
with stirring (10). After standing for 12 hours in the ice box, the 
solution was filtered and the precipitated dl-histidine monohydro- 
chloride was washed with several portions of alcohol. After the 
product had been reerystallized from water by the addition of 3 
volumes of alcohol, it melted at 157° (corrected). The yield was 
16.5 gm. 

The free histidine was obtained by means of MgO, essentially 
as used by Vickery and Leavenworth (11) for /-histidine. 16.3 
gm. of dl-histidine monohydrochloride were dissolved in 160 ce. 
of water and MgO was added to this solution until the reaction 
of the solution was just alkaline to litmus. The solution was 
boiled with 0.2 gm. of norit and the mixture was filtered. The 
pH of the filtrate was then adjusted to 7.2 with dilute HCI and the 
solution Was concentrated to 50 ce. 3 volumes of absolute aleohol 
were then added and the solution was allowed to remain in the ice 
box for 24 hours. The dl-histidine was filtered and was washed 
with absolute alcohol. A yield of 9.5 gm. was obtained. The 
mother liquor was concentrated to 20 ec. and SO ce. of absolute 
alcohol added. An additional 1.3 gm. of dl-histidine erystallized 
slowly. ‘The compound showed no optical activity. 

Preparation of d-Histidine Methyl Ester Dihydrochloride—10.8 
gm. of dl-histidine were resolved by the method of Pyman (7). 
The vield of the reerystallized d-histidine tartrate was 8.3 gm. 

The d-histidine monohydrochloride was obtained from the tar- 
trate by means of mereuric chloride. 8.3 gm. of d-histidine-d- 
tartrate were dissolved in 200 ec. of warm water and the solution 
treated with 25 gm. of mercuric chloride in 350 ee. of aleohol. The 
solution was kept just neutral or slightly alkaline during the 
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addition of the mercuric chloride by the addition of sodium carbon- 
ate solution. The mercury salt was filtered from the solution and 
washed with alcohol and water. The mereury salt was then 
suspended in 300 ce. of water and the solution saturated with 
hydrogen sulfide until the mercury was completely precipitated, 
The mereuric sulfide was removed by filtration and the filtrate 
concentrated to dryness in vacuo. The residue was dissolved in 
25 cc. of water and 100 ce. of aleohol added. 4.9 gm. of the d- 
histidine monohydrochloride were obtained. 

4.9 gm. of d-histidine monohydrochloride were suspended in 55 
ec. of absolute methyl aleohol and dry hydrogen chloride passed 
into the solution until the histidine had all dissolved, the aleohol 
being allowed to reflux during the process. ‘The reaction mixture 
was then cooled and the stream of dry HCL was continued. The 
d-histidine methyl ester erystallized as the solution cooled. | After 
standing in the ice box for several hours, the mixture was filtered, 
The yield of d-histidine methyl ester dihyvdrochloride was 5.2 gm. 
The product melted at 197° (eorrected) and had a specitie rotation 
of [a}2° = — 9.8°; this corresponds to the rotation of the levo ester 
which we found to have a rotation of [aiz’ = +9.9° fora 1 per cent 
aqueous solution. The product had the following composition, 


3.261 mg. substance: 0.496 cc«. N at 25.7) and 763 mm 
Caleulated, N 17.96; found, N 17.44 


Pre paration of d-Carnosine The directions of Sifferd and du 
Vigneaud (S) for the synthesis of carbobenzoxy-/-carnosine were 
followed for the preparation of carbobenzoxy-d-carnosine, the 
d-histidine methyl ester dihydrochloride being employed place 
of the levo isomer. 5.6 gm. of the former were used im the syn- 
thesis and 6.4 gm. of the carbobenzoxy-d-carnosine were obtamed, 
The compound was found to have the same melting pomt as the 


levo isomer, namely 161° (corrected). Tt possessed a rotation of 
a4 or . 

lals’ = — 11.0° fora l per cent aqueous solution, which agreed in 

magnitude with the rotation of [aj = 4.10.5° which we found 


for the carbobenzoxy-l-carnosine. ‘The reduetion of the carbo- 
benzoxy derivative and isolation of the d-carnosine were carried 
out as previously described for l-carnosine (8S). From 6 gm. of 


carbobenzoxy-d-carnosine, 3.2 gin. of d-carnosine melting at 260° 


were obtained. ‘The d-carnosine had specific rotation of 
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20.4° for a 2 per cent aqueous solution. The compound had the 
following composition, 


4.196 mg. substance: 7.39 e¢. 0.009863 HCL (micro-Kjeldahl) 
CH YON, Caleulated, N 24.77; found, N 24.33 


Preparation of d- and L-Carnosine Monohydrochlorides—1 gm. of 
l-carnosine was dissolved in 4.96 ce. of O.SS891N HCl! and 6 volumes 
of absolute ethyl aleohol were added slowly with stirring. The 
l-earnosine hydrochloride erystallized in reetangular plates as the 
solution was allowed to stand for a few hours at O°. 1.0 gm. of the 
compound melting at 245° was obtained. The material, dried 
at 110° over PLOs at 25 mm., possessed the following composition, 


5143 me. substance: 7.93 0.009863 ~ HCL (miero-Kjeldahl) 
CH, Caleulated, N 21.34; found, N 21.30 


The d-carnosine monohydrochloride was similarly prepared and 
found to have the same melting point and erystalline structure 
as the -earnosine hydrochloride. After being dried in vacuo as 
above, it was found to have the following composition. 


$194 me. substance: 4.95 ee. 0.000863 ~ HC! (micro-Kjeldahl) 
CL Caleulated, N 21.34; found, N 21.41 


d-Carnosine has been synthesized and its effeet on the blood 
pressure has been compared with that of the naturally occurring 
isomer, /-carnosine. When the d-carnosine was injected in even 
20 times the dose of -earnosine, no depressor action was detected, 
thus demonstrating the remarkable specificity of the depressor 
activity of Learnosine with respect to spatial configuration, 

di-Carnosine was also prepared and, as would be expeeted, was 
found to possess one-half the depressor activity of l-carnosine. 

The preparation of the monohydrochlorides of both d- and l-ear- 


nosine has been deserbed. 
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The kidney and intestine are, together with bone, the rich 
sources of phosphatase in the organism (1). Since the phos- 
phatases from these three tissues are not identical, as judged by 
their actions on different substrates or in the presence of various 
retardants (2, 3), it is necessary to determine whether the effect of 
e-amino acids, previously deseribed (4) as being intimately re- 
lated to the activity of the bone phosphatase, also holds for the 
kidney and intestinal enzymes. 

It was shown (4) that a-amino acids in very low concentrations, 
about O.OOOL to O.OL M, increased the activity of bone phosphatase 
by preventing its inactivation during the course of the reaction. 
Greater concentrations exerted a retardant effect. Magnesium 
ion was found to prevent inactivation and to inerease the velocity 
with which the reaction started. In the presence of optimal 
concentrations of both magnesium and an a-amino acid, a direct 
proportionality was established between the reaction velocity, as 
measured by the reciprocal of the time necessary to effect a given 
liberation of inorganic phosphate, and the concentration of bone 
phosphatase. This was taken to indicate that, under these condi- 
tions, the concentration of active enzyme was identical with the 
apparent concentration. 

Kidney and intestimal tissue have a much greater autolytic 
capacity than bone (5) and their extracts contain a greater con- 
centration of a-amino acids. The accelerant effect of a-amino 
acids, if existent, would be demonstrable only in sufficiently 

dialyzed preparations. 
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In the present paper it is shown that such an accelerant effect 
exists and that at optimal concentrations of an a-amine acid and 
magnesium, the reaction velocity is proportional to the coneen- 
tration of intestinal or kidney phosphatase. Since the demonstra- 
tion parallels, in the main, that previously given for bone phospha- 
tase, the relevant data are submitted with only brief comment, 
The roles of the concentration of autolytic products and of dialysis 
in the estimation of the activity of extracts are treated more fully. 


EANPERIMENTAL 


The methods for preparing the enzyme extracts were simular to 
those desen bed previously (4, th, a). external int was first re- 
moved. The tissue, small intestine or the whole kidney, was then 
washed in physiological saline solution, and the intestinal contents, 
if present, removed. For extraction, 20 cc. of distilled water and 
1 ec. of toluene were used per gm. of tissue; autolysis proceeded 
2105 days at room temperature, Details concernmg the mate- 
rials employed and the method of carrying out the hydrolytic 
reaction have been previously desenbed (4,6). Visking artifienal 
sausage Casings, 4 em. in diameter, were employed for the dialysis 
of the extracts. In hydrolyses where the initial portion of the 
reaction was determined, the components and volume of the 
hydrolysis mixture and the sample taken were incrensed several 
fold to permit the determinations of the small amounts of phos- 
phate liberated. The activity of the phosphatase is expressed 
as the reciprocal of the time in minutes necessary to hberate o 
given amount of phosphorus (usually 0.05 mg.) as imorganic 
phosphate per ec. of hydrolysis mixture. The reciprocal is desig- 
nated as QY. The concentration of enzyme extract is expressed as 
volumes per cent of the hydrolysis mixture. All hydrolyses 
presented in this paper were carried out at optimal pi 


Ree sults 


In Table Ll are shown the effects of magnesium ron and of giveme 
on the early course of the hydrolysis of sodium 6-glycerophosphate 
by dialyzed preparations of kidney and intestmal phosphatases. 
The rabbit intestinal phosphatase, Preparation RbDA-d, had been 
dialyzed about 16 hours against two changes of distilled water. 
The rat kidney phosphatase, Preparation RhJ-d, had been 
dialyzed for 29 hours against three changes of distilled water 
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Magnesium ton imereases the velocity with which the reaction 
starts. Thus in the ease of the rat kidney phosphatase, Prepara- 
tion RhJ-d, the average velocity of liberation of phosphorus as 
phosphate during the first 10 minutes, without any addition of 
magnesium or giveine, Was 0.00030 mg. per cc. of hydrolysis mixture 
per minute. In the presence of an optimal concentration of 
magnesium ion, the velocity was 0.00060 mg. of phosphorus liber- 
ated per minute. The presence of glycine prevented the rate of 


Effect of Glycine and of Magnesium on the Course of Hydrolysis of Sodium 
3-CGlycerophosphate by Dialyzed Preparations of Kidney and 
Intestinal Phosphatases 
Temperature, 25 ; concentration of enzyme, 12.5 per cent by volume of 
hvdrolvsis mixture; concentration of sodium 3-glycerophosphate, 0.0127 m; 
optimal pil 


phoophatase. Preparation KRKJ-d Rabbit intestinal Preparation 


tbl A-d 
iterated phoephate per ce I’ liberated as phosphate per ce 
hvdrel vee in prewenece of hydrolyse in presence of 
veld pent git cine alvoune 
me min reg meg rig. 


liberation from deereasing rapidly. Thus without any addition of 
tnagnesium or giveime, O.O308 mg. of phosphorus had been liberated 
per cc. of hydrolysis mixture at the end of 120 minutes. In the 
presence of an added concentration of 0.00625 mM glycine, 0.0362 
mg. had been liberated at the end of this time, though the velocity 
initially was the same as in the hydrolysis in which no glyeme had 
been added. Similar results were obtained with the intestinal 
case’. 


As was pomnted out for bone phosphatase (4), the prevention by 
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glycine of the rapid decrease in the rate of hydrolysis of glycero- 
phosphate is reflected in the reciprocal of the time in minutes 
necessary for the liberation of 0.05 mg. of phosphorus as phosphate 
per ce. .of hydrolysis mixture. Table I] contaims typical data 
demonstrating this fact. The concentration at which this pre- 
vention Was optimal was about 0.00625 Mm. Lsoleucine also showed 
a similar effect rat-bit intestinal phosphatase, Preparation RbIA-d, 


Was used, 


Il 
Li pt ndence Acti ify of LDialyzed Aidne and final Pie on 


Temperature, 25°; concentration of enzyme, 12.5 per cent; optimal pH 


rex worn’ of time in min. to OOS me I’ ax 
per ce hy drolyem mixture 


added aiveine Rat kode ine Katt nrestin 
Preparation reqearatoon reparative won 
per 
1) (MST 
0 
| 


25 


lation be lives locity and (‘once nlration of A vel 
Intestinal Phosphatase 


Ina previous paper (6) it was pointed out, as Northrop had done 
for pepsin (S), that autolytie products present in intestimal and 
kidney phosphatase preparations combined, especially at— the 
higher concentrations of enzyme, to form enzymically imactive 
compounds. The active concentration was thus much less than 
the apparent. To illustrate from the previous paper (6), the 
activity, Qoos, of a rat intestinal phosphatase, Preparation RIA, 
was 0.0180 at 12.5 per cent and 0.0420 or only 2.3 times as much at 
a 6-fold, or 75 per cent, concentration of enzyme. 
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The a-amino acids, present as products of autolysis, may be 
removed by dialysis. When the dialysis was continued for a 
sufherent length of time, the concentration of a-amino acids 
became suboptimal. In such extracts, the reaction velocities at 
the low concentrations of enzyme were less than called for by 
direct proportionality of enzyme concentration to reaction veloci- 


Ill 
Effect of Optimal Concentrations of Magnesium, and of Magnesium and 
Glycine on Re lationship hetween Reaction Velocity and Enzyme Con- 
centration im Dialyzed Kidney and Intestinal Phosphatases 
Temperature, 25°; optimal pH. 


at 


Y at 75 per cent 


phatase \ecelerant 12.5 per Sper | Gat i25 —— 
phatase | 
Rabbit intestine, None OO714 75 
Preparation O07 My O | a7 
0.006025 giveine + 0 00328) 0 0192 | 59 
Meg | | 
| Rat intestine, None 0002800206 | 74 
Preparation Neg O87S 4 2 
giveine + | 0 0208 59 
Mg at 


O.O27 Meg 
at 75°, Vine 


Rat kidney, Prep- None 0054 | 0.0857 

poration 0.00625 glyeine + | 0.0106 | 0 5 8 
Mey 

Rat kidney, Prep- None 00039 

paration 0:.00625 glveine | 0 0122 | 0 O725 | 59 


+ O10 Mey at 
125°), O45 Mg | 
at 75° enzyme 


ties (Table TID), and were increased by the subsequent addition of 
ane-amimno acid (Table IT). It was noted that the degree of dis- 
proportionality and the extent of acceleration by the a-amino acid 
| depended on the length of dialysis. Thus a kidney phosphatase, 
| Preparation RKF-d, dialyzed overnight against two changes of 
distilled water, showed a ratio of the velocity at 75 per cent to that 
at 12.5 percent of 6.6. The velocity at 12.5 per cent was inereased 


§ 
4 


106 Kidney and Intestinal Phosphatases 


from 0.0054 to 0.0060 by the addition of 0.00625 M glycine. On 
the other hand, the kidney phosphatase, Preparation RN 
dialyzed for 3 days against five changes of distilled water, showed a 
ratio of the velocities at the two concentrations of enzyme of 15.5. 
The addition of glycine increased the velocity at 12.5 per cent from 
0.00030 to O.0OLOL (Table IL). 

Magnesium ion was removed fairly effectively during dialysis; 
subsequent addition of an optimal concentration resulted in a rise 
of activity of several hundred per cent (Table TID). When mag- 
nesium jon and glveme were added so that their concentrations 
were optimal, maximal velocities were obtamed and there was a 
direct proportionality between these velocities and the concentra- 
tion of kidney or intestinal phosphatase. Thus without any 
addition, the dialyzed kidney phosphatase, Preparation RhJ-d, 
showed a reaction velocity of 0.00389 at 12.5 percent concent ration 
of enzyme and 0.0395 at 75 per cent; the ratio of the velocities was 
10.1. In the presence of optimal concentrations of magnesium 
and glyeme, GQ was 0.0122 at 12.5 per cent and 0.0725 at 75 per 
cent; the ratio of the velocities, 5.9, was practically that of the 


concentrations. 


Effect of Dialysis on Determination of Activity of Aidnen and 
Tite ati nal Phos phatas: 


In order to demonstrate the accelerant effeet of a-anuno acids 
and the proportionality relationship desenbed im the preceeding 
section, it Was necessary to dialyze the extracts suffierently so that 
the concentration of a-amime acids, after the addition of the 
accelerants, would not be greater than optimal. It was noted that 
prolonged dialyses apparently resulted im the mactivation of the 
intestinal or kidney phosphatase. 

The possibility of such inaetivation has a practical bear on 
the determination of the phosphatase activity of mtestinal or 
kidney extracts. The following data and Fig. 1 illustrate the 
evaluation of this factor in the ease of eat intestinal and kidney 
phosphatases. 

The crude preparations were dialyzed in) Visking artificial 
siusage Casings, 4 em. im diameter, against a 20-fold volume of 
distilled water; the water was changed at 6.5, 23, and 27 hours. 
The determinations of activity were made at a 12.5 per cent con- 


Bodansky 107 


centration of enzyme, and were correeted for changes in volume 
of the extract due to osmosis, 

The extract of cat intestinal phosphatase, Preparation CalA, 
showed a value for Q of 0.0292. The addition of 0.00625 m 
giveine did not change this value, indicating that the concentra- 
tion of a-amine acids was at least optimal before the addition of 
the giveine. In the presence of an optimal concentration of mag- 


| 
| | 
| 
0040 
| Kidney phosphatase 


0 10 20 40 50 60 70 
Duration of dialysis in hours 

Pia t. Effeet of dialysis at room temperature (22 25°) on the activity 
of cat intestinal (Preparation CalA, Curve 1) and eat kidney (Curve I1) 
phosphatases The tissue extract was dialyzed in Visking artificial sausage 
casings, dem. in diameter, against a 20-fold volume of distilled water which 
was changed at 6.5, 23, and 27 hours. Activity was determined at 25°. 
at 12.5 per cent enzyme concentration, and in the presence of optimal pH 
and optimal coneentrations of giveine and magnesium ton 


nesium, was As dialysis proceeded, Q, determined in 
the absence of any added accelerants, decreased from 0.0292 to 
0.0281 in 6.5 hours, 0.0156 in 27 hours, and 0.0030 in 75.5 hours. 
This decrease indicates, in part, merely the effeet due to the pas- 
<age outwards of a-amino acids and magnesium and, in part, as 
will be seen later, the imactivation, in the later stages of the 
dialysis, of the enzyme. The concentration of phosphorus present 
as phosphate in the undialyzed and dialyzed preparations dropped 
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from 0.0124 meg. per ce. of hydrolysis solution to 0.0039 me. in 2.5 
hours, 0.0022 mg. in 6.5 hours, and was negligible in amount 
thereafter. 

The reaction velocity, Q, determined in the presence of added 
optimal concentrations of magnesium and of glyveme (hig. 1), rose 
rapidly, as dialysis proceeded, to a maximal value, 0.0520, in 5 
hours and remained at that value during the following 10 hours. 
A 1:6 dilution of a preparation dialyzed for 6.5 hours gave, at a 
concentration of 12.5 per cent, a proportional value for @ of O.OOSS. 
About 15 hours after dialysis was begun, the activity began to 
decrease, reaching a value for Q of 0.0263 after 75.5 hours of 
dialysis. The water external to the dialysis bag did not show any 
phosphatase activity, indicating that the decrease in the activity 
of the extract was not due to the outward passage of any of the 
enzyme, 

Determimation of the activity of the preparations dialyzed 5 to 
15 hours in the presence of optimal concentrations of magnesium 
and glycine and of a concentration of phosphate equal to that of 
the undialyzed preparation gave a value for Q of 0.0452. The 
difference between this value and the activity of the undialyzed 
extract, 0.0380, indicates the retardant effect, at this concentration 
of enzyme, of the a-amino acids present in the undialyzed extract. 
The nse in the value of Q@ during the first few hours of dialysis is 
to be attributed to the removal of retardant concentrations of 
e-amine acids and inorganic phosphate. 

The change in the activity of the kidney phosphatase upon 
dialysis followed a somewhat different course. There was only a 
slight increase initially, indicating that the retardant effect of the 
concentrations of a-amino acids and phosphate in the undialyzed 
extract Was not very marked. A precipitate, presumably of pro- 
tein, appeared sometime between S and 24 hours after the begin- 
ning of dialysis; this was shaken with the supernatant solution 
when samples were taken for determination of aetivity. On 
continued dialysis beyond 24 hours, the activity began to decrease. 


Disc T SSTON 


To the extent that the studies here reported on intestinal and 
kidney phosphatase have paralleled those on bone phosphatase, it 
would appear that the mechanism of acceleration by a-amino 
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acids and the concentrations at which acceleration is optimal and 
at which retardation oecurs are similar. It has also been shown 
that, for the range of activities studied, the velocity of hydrolysis 
of sodium 8-glyecere phosphate Is proport ional to the concentration 
of intestinal or kidney phosphatase in the presence of optimal 
concentrations of magnesium ion and glycine. 

However, the fact that autolyzed water extracts of kidney and 
intestinal tissue, in contrast to those of bone, contain a high con- 
centration of e-amine acids as products of autolysis makes it 
necessary to evaluate, in a different manner, the effects of these 
acids in the measurement of phosphatase activity. The retard- 
ant effeet, dependent on the concentration of e@-amino acids, Is 
considerable if a large concentration of extract is used, or if the 
autolytic capacity of the tissue of the animal used is very high. 

Dialvsis may be employed to eliminate the retardant effect of 
the e-aminge acids as well as that of the inorganic phosphate. 
Since inactivation of the kidney or intestinal phosphatase sets im 
upon continued dialysis, the period of dialysis should be so chosen 
that the aetivity, determined in the presence of optimal concen- 
trations of magnesium and glyeine, is affected minimally by this 
inactivation and by the retardant effeets of phosphate and of the 
products of proteolysis. In the ease of the cat intestinal phos- 
phatase, Preparation CalA (Pig. 1), the maximal value for the 
aetivity, 0.0520, is obtained after 5 to 15 hours of dialysis. 

The example of the change in activity of the cat mtestinal and 
eat kidney phosphatases is merely illustrative of the problem of 
ridding the enzyme preparation of products which depress its 
activity. Kidney or intestinal tissue extracts of different animals 
may vary in their final nergamnie phosphate content, in their 
autolytic capacity and hence the retardant effeet of the a-amino 
acids, and finally im their susceptibility. to mactivation upon 
dialysis. 


SUMMARY 


1. Asin the ease of bone phosphatase, a-amimo acids accelerate 
the activity of kidney and intestinal phosphatases by preventing 


Inactivation during the course of the reaction; magnesium increases - 


the velocity with which the reaction starts. In the presence of 
optimal concentrations of glycine and magnesium, the reaction 
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velocity is directly proportional to the concentration of kidney or 
intestinal phosphatase. 

2. The preceding is demonstrable in sufficiently dialyzed prepa- 
rations; in direct extracts of the tissue, the concentrations of 
a-amino acids, because of the high autolytic capacity of kidney 
and intestine, are greater than optimal and retardant in effect. 

3. Dialysis, designed to eliminate retardant products from 
extracts of kidney or intestinal phosphatase, leads, when prolonged, 
to inactivation of the enzyme. 

4. The significance of these findings in the determunation of the 
phosphatase activity of intestinal or kidney extracts is discussed. 
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THE QUANTITIES OF PROTEIN LOST BY THE VARIOUS 
ORGANS AND TISSUES OF THE BODY DURING 
A FAST" 


By T. ADDIS, L. J. POO, axp W. LEW 


(From the partie ni of Vedicine, Stanford raity Vedical School, 
San Francisco) 


(Reeeived for publication, May 7, 1936) 


The gravimetrie methods we recently deseribed (1) for the deter- 
mination of the protein content of the organs and tissues of the 
lexiy were used to get a direct answer to the question as to the 
source of the protein lost during fasting. ‘The results enable us to 
allocate to each organ and tissue its absolute and relative share in 
the total loss of protein. The general procedure involved the 
measurement of the organ, tissue, and total proteim of fed rats. 
(ther rats were given nothing but water for 7 days before they 
were killed. On the assumption that before they were fasted 
they had had the same protein content as the fed rats, the differ- 
ence between the total protein of the fed and fasted animals gives 
the total amount of protem lost, and the difference between the 
quantities of protein found in the organs and tissues of the fed and 
fasted rats gives the amount and degree to which the various parts 
of the body had contributed to the total loss. 

In a problem of this nature, in whieh chemical methods are 
applied to bielogies! material, the validity of the conclusions 
depends less on the precision of the methods of measurement than 
on the degree of streeess attaimed in minimizing the effeet of racial 
and individual variation. We used a standardized albino rat 
derived from the Slonaker strain from which the Wistar colony 
was developed. For 12 vears these rats had been reared under 
constant conditions on the same food.’ Nevertheless, many 


* This work was aided by a grant from the Rockefeller Foundation. 

' This is a diet recommended by Steenbock (2). It consists of corn-meal 
OS gm. linseed of eake meal 10 gm... dried ground alfalfa 2 gm., easein 10 
gm. lard cod liver or sardine oil 3 bone ash 1.5 and sedium 
chloride O5 gm. It contains IS per cent protein, 12 per cent fat, and 52 
per cent carbohvdrate 
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anatomical and physiological measurements show that they still 
manifest evidence of a considerable degree of individual variation. 
In order to reduce the uncertainty introduced by this factor, the 
methods we used were designed to deal with the massed organs 
and carcasses derived from at least thirty individuals, and our 
final results are a comparison of the averages of 120 fed rats and 
of 120 fasted rats, derived from measurements on four separate 
groups of thirty fed and four groups of thirty fasted rats. 


| 
Protein Quantities in Gm, per Rat Found in Various Organs and Tissues in 
Groups of Ky d and Fasted heats 


ed rats d ruts 


(;reup Group Group (jroup (sreup (are uf (jreup 
2 3 It 


Average origina! live 


body wemht, gm 255 237 220 223 255 2:36 231 223 
Average fina! live 

body weight, gm 255 237 220 223 202 183 173 175 
Total.... 41.8 27.0 30.4 (33.7 ‘(33.1 
(‘arcass 35.8 31.3 30.8 31.0 200 29.7 
Remaining 

organs 2.41 | | 2.19 1856 1.69 1.70 
Drawn blood 1361 1.34:1.29 1318 1.01 104 
Liver 1.79 | 1.723 1.63 107 1.08 OOS 
Kidney 0 256 0.252 0 226 0206 0 202 0.187 
Heart 141 0.135 0 12s 0.119 0.107 
Testicle 0.222 225 
Brain 0. 16S 0 160 
Eve... 0) 0359 0 
Seminal vesicle 0 082s 0 0234 
Prostate... 0.0214 0 O153 
Adrenal 0 OO377 0 


Male rats between the ages of 90 and 110 days were used. Two 
of the fasted groups were chosen so that their average original live 
body weights were the same as those of two of the fed groups, while 
there were slight differences between the average body weights of 
the other groups. The room im which all the groups were kept was 
steam-heated. There was a thermostatic control, but it was not 
very effective. From hourly readings of the graphic temperature 
records it was found that the average room temperatures for the 
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7 day period for the three fasted groups for which records were 
kept were 20.8° + 1.4°, 20.1° + O0.8°, and 19.6° + 0.4°, 

The actual protein measurements in the four fed and the four 
fasted groups are given with the original body weights in Table I. 

A direct comparison of the protein quantities in fed and fasted 
animals can be made only between the groups of animals whose 
average Original body weights are the same, but in all the groups 
we can calculate what these quantities would have been if all of 
them had had the same original body weight. This correction of 


Tassie Il 


Protern Quantities in Gm. per Rat of Fed and Fasted Groups, Calculated for an 
Original Body Surface of 810 Sq. ('m , Corre sponding foan Original 
Live Body Weight of 200 Gm. 


Fed rats Fasted rats 


Group Group Group Group Group Group Group Jroup 
3 4 A I 


Total 39.6 33.1 23.9 H.3 30.2 2.5 3.5 
(‘arcass 30.5 (27.9 28.7 26.42 26.84 26.89 
Remaining | 

organs 206 2.09 204 1 5S | 1. 1. 54 
Drawn blood 1.16 :1.19 1.20 100 0.900 0.938 
Liver 1.52) 1.53 | 1.52 911 0.965 O 
Kidney 0.218 0.225 0.212 0.173 0.180 0.169 
Heart 0120 0 121 0.120 0 101 0.096 0 09S 
Testicle 0. 207 0 209 
Brain 0.156 0. 148 
Eve 0.0334 0332 
Seminal vesicle 0 0305 —0.0217 
Prostate 0.0199 | 0 0142 


Adrenal 0 0035! 0 00357 


the actual protein quantities has been made on the assumption 
that the protein varies as the original body surface (body surface = 
9.1 & body weight!) (3). This method was chosen because it was 
found that the deviation from identity was less for a body surface 
than for a body weight correction. The assumption is approxi- 
mately valid only for rats on the same diet and of the same age 
and sex and is applicable not to individuals but to such averages 
as those with which we are here dealing. The quantities given in 
Table I corrected for an original body surface of 310 sq. em., 
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equivalent to a rat of 200 gm. in body weight, are shown in 


Table IT. 


Ill 
Protern Quantities Lost duringa? Day Fast 


The values ure measured in Kin. per rat with nn original brevedy surface of 
310 sq. em. (200 gm. of body weight). 


Ma tern 


Organs oF tissue 

Muscle, skin, and skeleton’ 9 33 H2 
Liver 153 it} 
Alimentary tract, pancreas, and 

spleent 1 SI 1 30 0 14 
Drawn blood? 119 
Kidneys () 218 174 
Heart 0 120 O217 
Seminal vesicles§ 0 O217 () (0ST 
Eves 00333 0.0832 0 000) 
Testicles 206) 209 
Adrenals OO850 OOBST 


* Muscle, skin, and skeleton comprise the carcass protein of Tables Land 
II less the protein of the brain and eves.  Sinee the careass was the whole 
rat after exsanguination, with the heart excised and stripped of all the ab- 
dominal and pelvie organs, the term muscle, skin, and skeleton deseribes 
the nature of the great mass of tissue, though the protein of the vessels, 
nerves, spinal cord, and lungs is also included 

+ Alimentary tract, pancreas, and spleen comprise the remaining organ 
protein of Tables Land IT less the protein of the testicles, seminal vesicles, 
prostate, and adrenals. The protein of the ureters, vas deferens, epididy- 
mis, and bladder, as well as that of the pelvic and abdominal fat, was esti 
mated with the alimentary tract, pancreas, and spleen 

t Drawn blood is all the blood that could be obtained from the cut ab- 
dominal aorta of the anesthetized rat while the heart was still beating 

§ Seminal vesicles do not include the protein of the eontents. That 
fluid was removed after opening the organs by blotting between filter 
papers. 

Brain is what was removed by section just below the cerebellum. 


Theoretically the corrected results for the fed groups as given 
in Table IT should have been identical, and similarly the fasted 
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groups should have given like results. That they are not the 
same may be asernbed to actual differences between groups of 
thirty rats of the same age and sex, to errors in measurement, and 
to a lack of the assumed exact correspondence between body 
surface and protem content under these given conditions. Aetu- 
ally these differences are small relative to the large differences to 
be observed in certain organs and tissues between any fed and any 
fasted group and so it is reasonable to compare the average of the 
fed EroUps W ith the average of the fasted £roups and to regard any 
difference considerably greater than the differences between the 
component members of these averages as an effect produced by 
fasting. This comparison is presented in Table IIT. 


Taste IV 
lat Less Protein Various Organs and Tissues during a 
> Day Fast 


Propuor- Propor- 
thon of tion of 
or time tee organ (irgan or tissue organ 
protein 
lost 
per cent per cen’ 
Liver Ww lleart | 38 
Prostate Muscle, skin, and skeleton 
Seminal vesicles al Brain 5 
Alimentary tract, ete 28 Kves 0 
Kidneys 20 Testicles 0 
Drawn blood Adrenals 


Table ILD is arranged in the order of magnitude of the absolute 
quantities of protein lost during the fast as given by the difference 
between the averages for fed and fasted animals. It will be noted 
that certain organs, as for instance the liver, contribute appreciable 
proportions oft the total loss, \“ hile other oOrgalis lose ho protem ut 
all. Over 60 per cent of the total protein lost comes from the 
musele, skin, and skeleton, 30 per cent is derived from the liver 
and alimentary tract, ete., while the remaining S per cent comes 
from all the other organs that lose protein. 

In Table IV the organs and tissues are arranged in correspond- 
ence with the proportion of their original protein content lost 
during the fast. Table IV directly contradicts the teleological 
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notion that durimg fasting the organs most essential for life are 
spared, while less important tissues are depleted, for it is shown 
that the liver, heart, and kidneys lose relatively more of their 
protein than the muscle, skin, and skeleton. In fact, no single 
hypothesis seems adequate to explain the diversity in the propor- 
tions of protein lost. ‘The results indicate that several mechanisms 
may be involved. The quite outstanding loss of protein from the 
liver suggests that it may be a storage depot for use in time of need, 
the loss from the alimentary tract, heart, and kidneys may be due 
to atrophy through decrease in function, while the contrast be- 
tween the considerable loss from the prostate and seminal vesicles 
with the absence of all loss from the testicles and adrenals would 
seem to require an explanation in terms of a hormone mechanism. 


SUMMARY 


1. The source of the total protein lost by albino rats during a 7 
day fast was determined by measurements of the protein content 
of the various organs and tissues. It was found that the musele, 
skin, and skeleton contributed 62 per cent of the total, the liver 
16 per cent, the alimentary tract, pancreas, and spleen 14 per cent, 
the drawn blood 6 per cent, and the kidneys and heart 1 and 0.5 
per cent respectively. The remaiming 0.5 per cent was derived 
from other organs. ‘There was no loss of protein from the eves, the 
testicles, and the adrenals. 

2. The proportion of their orginal proteim content lost) by 
various organs Was widely different. The liver lost 40 per cent of 
its protein. The prostate and seminal vesicles lost 29 per cent, 
while the testicles and adrenals did not lose any protein. The 
heart, kidneys, drawn blood, and alimentary tract lost from 1S to 
28 per cent, the muscle, skin, and skeleton 8 per cent, and the brain 
5 per cent. 
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PROTEIN LOSS FROM LIVER DURING A TWO DAY FAST* 


By T. ADDIS, L. J. POO, ann W. LEW 


(From the Department of Medicine, Stanford University Medical School, 
San Francisco) 


(Received for publication, May 7, 1936) 


After a 7 day fast the liver loses 40 per cent of its original protein 
content, the kidney 20 per cent, the heart 18 per cent, and all the 
other organs and tissues combined lose 10 per cent.' The facet 
that the liver loses so much more than any other organ suggests 
that it may be a depot for stored protein and that this special sort 
of protein may be used during fasting in much the same manner as 
glycogen is used during a fast. If this be the case, one would 


| 


Relateve Loss of Organ Protein during a 2 Day Fast 
Proportion 


Protem from bed rat ® day fast of original 
protein lost 


gm. perrat gm. per rat per cent 
Liver 1 1.21 20 
Heart 0 120 0 116 4 
Kidney 218 210 4 
All other organs and tissues | 4 


expect to find that this supposed store of protein would be drawn 
upon in the early stages of a fast before atrophy from decreased 
function or changes in the supply of hormones had led to any 
considerable loss from other organs and tissues. From the liver 
there would then oceur durmg a fast an earlier and more pro- 
nounced loss of protein than from any other part of the body. 

In order to test this hypothesis two groups of thirty male rats be- 
tween 90 and 110 days of age were fasted for 2 days and their total 


* This work was aided by a grant from the Rockefeller Foundation. 
' Addis, T., Poo, L. J., and Lew, W., J. Biol. Chem., 116, 111 (1936). 
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protein and the protein of the liver, heart, and kidney were deter- 
mined. These groups averaged 221 and 215 gm. of live body 
weight. The results, calculated, as in the preceding paper, tor a 
body surface of 310 sq. em. (200 gm. of body weight), are given in 
Table I. 


SUMMARY 


1. After a 2 day fast the livers of albino rats lose 20 per cent of 
their original protein content. The kidney, the heart, and all 


other organs and tissues combined lose 4 per cent. 

2. This pronounced loss of protein from the liver in the early 
stages of a fast is in conformity with the hypothesis that the livers 
of well fed rats contain a store of protein for use in time of need, 
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THE FORMATION OF VITAMIN D BY CATKODE RAYS 


hy ROBERT M. HOPFMAN anno FARRINGTON DANIELS 


(From the Laboratory of Physical Chemistry, University of Wisconsin, 
Mad: Son ) 


(Reeeived for publication, Mareh 17, 1936) 


The production of antirachitie substances through the agency of 
high speed electrons or cathode rays has been studied by Knudson 
and Coolidge (1), Busse (2), Knudson (3), and Knudson and 
Moore (4). 

In the present communication, a study has been made of certain 
factors important in the formation of vitamin D by eathode rays. 
The absorption spectrum, the effeet of film thickness, the time- 
activation curve, the effeet of the ultraviolet light and x-rays 
accompanving the bombardment by electrons, and other variables 
have been considered. A kinetic treatment of the synthesis is 
suggested and the effieieney per electron is caleulated. 


ENPERIMENTAL 
Proce dure 


\ 300.000 volt eathode ray tube (5) was used. The power 
supply consisted of two 120,000 volt transformers used in series, 
The output was controlled by an autotransformer and a rheostat 
in the primary cireuit. Although the cathode ray tube was 
operated at a peak voltage of 180,000, the effective voltage was 
much lower, since alternating current was used with mechanical 
rectification. Furthermore, a loss of about 70,000 volts occurs in 
driving the electrons through the nickel window. The average 
voltage of the electrons on leaving the nickel window was then 
about 77,000. The tube was evacuated continuously by a mer- 
eurv vapor pump backed by a Cenco Megavae ol pump. <A 
liquid air trap prevented mereury from entering the tube. The 
current across the cathode ray tube was 0.7 milliempere., 

The ergosterol used was a preparation manufactured from 
molds. Assays of activated material were made by the Johns 
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Hopkins line test under the direction of Dr. Henry T. Scott. 
Each assay was made by feeding the material at one or more levels 
and using three rats on each level. Over 300 animals were used 
for these assays. 


Results 


Effect of Film Thickness--It is important to use very thin, 
uniform layers of ergosterol, since cathode rays penetrate but a 
short distance in solids. Otherwise the vitamin D produced will 
be diluted by the presence of unchanged ergosterol in the deeper 
layers and the potency of the sample as a whole will be low. On 
the other hand, extremely thin layers should be avoided because 
many electrons penetrate the film and lose their energy to the dish 
in the form of heat. This results in a higher potency of product 
but in a lower number of total rat units for a given time of opera- 
tion. The number of electronic impacts decreases with depth. 
This is especially true for a tube operating with pulsating, mechan- 
ically rectified current. Electrons are emitted with a range of 
speeds varying from 0 voltage up to the peak voltage, and aecord- 
ingly they penetrate to varying depths. 

Films produced by the evaporation of ether solutions were found 
to be composed of small crystals and thin spots. Better films were 
prepared by dissolving ergosterol in acetone, then precipitating 
with a few drops of water. The most homogeneous and reproduc- 
ible films were produced by sublimation, heating the ergosterol in a 
vacuum desiceator, and quickly condensing the material on a cold 
metal surface just above the heated ergosterol. This method was 
used in most Cases. 

Absorption Spectra ~The absorption spectra of ether solutions of 
ergosterol exposed to cathode rays were determined by Dr. R. W. 
Haman, and details of this investigation will be published else- 
where. 

Two interesting facts were found in this connection. The 
absorption spectrum differs from that of the product exposed to 
ultraviolet light. This seems to be another indication of the 
impossibility of spectroscopic analysis for vitamin D in the 
presence of decomposition products. The second interesting fact 
is the behavior at short exposures. The entire characteristic 
absorption of ergosterol is increased as if the concentration had 
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been increased. This unexpected result has not been generally 
reported in experiments with ultraviolet light and ergosterol, but 
it was found by Reerink and van Wijk (6). ‘The increase may be 
due to the formation of an intermediate product or decomposition 
product having an absorption spectrum similar to ergosterol but 
with a greater absorption coefficient. This situation suggests 
that even the determination of unchanged ergosterol by spectrom- 
etry may be an unsound procedure. The important anomaly 
described here seems to be related to several other phenomena 
which are discussed later. 


TABLE | 


Activation of Ergosterol with Cathode Rays 


Potency. Total rat units, 


Time experimental exper:mental Potency, caleulated 
see. raf unifs per mg raf unils per mg. 

0 0) 0 0) 
5 0.2° 4.8 | 
10 0.2 4.8 2 
30 0 2 4.8 5 
100 16S 12 
400 20 4s) 20 
1000 17° 408 16 
10 


2000 10 240 


* Potencies were estimated on the assumption that a narrow continuous 
line, 1+, is equivalent to 1 Steenbock unit; that a medium line, 24, is 
equivalent to 5 units; and that a broad line, 3+, is equivalent to 10 units. 


Time-Activation Curve— The influence of time of exposure on the 
activation of ergosterol by cathode rays is given in Table I. In all 
these cases 24 mg. of ergosterol were spread in a thin, uniform film 
in a nickel dish 8 em. in diameter, placed 2 em. below the nickel 
window of the cathode ray tube. The values in the last column 
were calculated by combining three different reactions as deseribed 
later. The potencies are expressed in Steenbock units per mg. 

Activation in Vacuum— Oxygen seems to have little effeet on the 
activation for times greater than 100 seconds. At 420 seconds, for 
example, experiments were carried out in a nickel cell with air 
present and then again after evacuation with activated charcoal 
in a tube immersed in liquid air. In the absence of air the poteney 
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was very slightly greater, but the difference is probably within 
experimental error. In another series of experiments the cell was 
furnished with a thin nickel window supported on a grid and was 
evacuated first with an oil pump and then with charcoal immersed 
in liquid air. The window cut down the transmission of electrons 
about 17 times, as determined by the decomposition of solid 
potassium nitrate. If the exposure times for the cell are divided 
by 17, the results approach the curve for direct exposure in air for 
times longer than about LOO seconds, but show greater potencies 
for the same energy at the shorter times. These results may 
suggest that although air has no influence on the longer exposure, 
oxygen may be a factor at the beginning of the process where, as 
stated previously, other abnormal features have been found. 

Effect of Ultraviolet Light Accompanying Cathode Rays tis well 
known that air and all gases emit visible and ultraviolet light when 
bombarded by electrons of a few volts. Coolidge (5) showed that 
when cathode rays strike the molecules of air surrounding the tube 
they produce a luminous cone of light. Only light below 3100 A., 
however, could play any part in producing vitamin D. 

Qualitative tests showed the presence of ultraviolet light. | kor 
example, photographic paper was placed under a Wood's filter of 
glass, under quartz, under Pyrex, and also under ordinary glass. 
In each ease the filter was covered with water to absorb the eathode 
ravs. Upon operation of the tube, the blackening produced 
depended on the ultraviolet light) transmission of the 
filters. An image of the liminous cone focused with a quartz lenz 
onto an anthracene plate showed fluorescence, 

Quantitative tests were made with a spectrogram: of the lunmu- 
nous cone. Analysis of the areas under the different lines procured 
with a recording microphotometer showed that of the total black- 
ening of the plate 12 per cent was caused by light in the region trom 
3080 to 2800 A. 

The earher experiments of Knudson and Moore (4) in activating 
ergosterol under a quartz dish were repeated in order to check the 
evidence as to the relative importance of the cathode rays and the 
accompanying ultraviolet light in vitamun swnthesis. As will 
be seen later, however, in these experiments there was mtroduced 
the new variable of quartz fluorescence. The ergosterol was 


placed in the bottom of a quartz dish, inverted, and sealed tight 
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with paraffin to prevent any seattered electrons from gaining 
necess to the sterol. The results of these experiments are pre- 
sented in Pable IT, 

The poteney of 100 rat units per mg. obtained in 400 to 1000 
scconds is better than any ever obtained in these experiments with 
the direct aetion of cathode rays on the unshielded ergosterol. 
Since the action here is produced entirely by ultraviolet rays of 
extremely low intensity, except for a very shght effeet due to 
\-ravs, it is reasonable to expect that, if it were practical to merease 
the expostre time still more, potencies of L000 rat units per me. 
or better would be reached, comparable with those obtained by 
the direet aetion of ultraviolet light. The abrupt inerease in 


Tance Il 


Wemht Potal rat units 
24 <0 16 <4 
ta) “O16 <4 
D4 <0 16 
» <4 
we | ta) 


* Potencies are estimated as explained in Table I 


poteney after about 400 seconds explains why it was difficult to 
obtam checks with the experiments at 400 seconds which at first 
sight are in wide disagreement. Furthermore, it shows that if 
Knudson and Moore (4) had increased the time of exposure enough 
to reach this sharp threshold, they would have obtained activation 
behind « quartz plate. A similar “induetion period” was found 
also with direct bombardment by cathode rays and it wall be 
discussed later. 

A study was next made of the fluorescence of the quartz itself, 
A spectrogram showed that ultraviolet light was produced by the 
action of cathode rays on quartz, but this emission was easily 
prevented by covering the quartz with a layer of water. The 
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results of experiments in which the fluorescence of quartz was 
eliminated are shown in Table IIL. 

In Table II], Experiment B was performed with an ether solu- 
tion in a quartz tube; in the others ergosterol was used in the solid 
state. In Experiment A the quartz dish used previously (Table 
I]) was covered with water. In neither case was the area exposed 
the same as in the direct bombardment already described in Table 
I. Therefore, in Experiments C and D a special vessel was con- 
structed, having a quartz window covered with water, below which 
was placed an 8 em. nickel dish, the same as was used in the direct 
exposure to cathode rays. A lead shield at the bottom and sides 
excluded all stray cathode rays. 

In Table I it is seen that an exposure of 2000 seconds to the 
direct action of the cathode rays produced 240 rat units of anti- 


Taare Ill 
Activation of Ergust rol under (Juart: and Water 


haperiment lime Wemht Distance Poteney 
J 
\ 24 “Oo is 
900 1S ou 1.2 
WwW) 2.5 12 is 
44 25 0 12 5.3 


rachitic material, whereas, according to Expermment D, under the 
same conditions, the ultraviolet light accompanying the cathode 
rays produced only 5.3 rat units or 2.2 per cent as much. Again, 
in Experiment C, for an exposure of 1000 seconds the ultraviolet 
light produced less than 4.8 rat units, whereas the full exposure to 
the cathode rays produced 408 rat units — less than 1.2 per cent, 
Attempts were next made to eliminate the ultraviolet light 
entirely. Most of the effeet of the air luminosity was excluded by 
placing a very thin sheet of aluminum foil directly over the layer 
of ergosterol. ‘The foil transmitted the cathode rays but not the 
ultraviolet light. A potency of 10 rat units per mg. was reached 
in 400 seconds under these conditions. Eexperiments in a vacuum 
cell, already described, showed that antirachitic properties can be 
produced under these special conditions in the absence of air and of 


i, 
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luminescence from it; t.¢c., by cathode rays alone. It is not certain, 
however, that the antirachitic product is identical with that 
produced by ultraviolet light. | 

Effect of x-Rays—In the operation of a cathode ray tube x-rays 
are produced. ‘Tests with metal filters showed that in these experi- 
ments their effects are small, producing potencies of 0.07 to 1 rat 
unit per mg. in 400 seconds. 


DISCUSSION 


The effect of continuing exposure of ergosterol to cathode rays 
ix shown in Table I. It is similar to that produced by continuing 
exposure to ultraviolet light, as found by several investigators. 
A maximum potency of 20 rat units per mg. is reached in about 400 
seconds, after which the potency falls off. This is due, of course, 
to the simultaneous formation and decomposition of vitamin D 
hy the same radiation. 

A peculiar condition exists during the first 30 seconds of expo- 
sure. Apparently an early maximum or steady state occurs, as 
shown in Table I by the facet that the potency does not increase 
from a 5S second exposure to a 30 second exposure. An increase of 
practically 6-fold in vitamin D content would be expected. 

Three reaction rates are of importance here: first, a gross rate of 
formation, decreasing from the start, as ergosterol is used up; 
second, a rate of vitamin decomposition which starts at O but 
increases as the amount of vitamin builds up; third, a net rate of 
Vitamin accumulation, which is the difference between the rate of 
formation and the rate of decomposition. It is important to 
differentiate between formation and accumulation. 

The tangent to the time-activation curve, which ean be plotted 
from the data of Table 1, represents this net rate of vitamin accu- 
mulation, and it is horizontal at both maxima. Since the net rate 
is 0, the gross rate of formation and the rate of decomposition at 
these points must be equal. The ratio of the amounts of vitamin 
present at the first and second maxima ts roughly 0.2 to 20, or 1 to 
100. The rate of decomposition must have increased 100-fold, 
since the decomposition rate is proportional to the amount present. 
Therefore, the rate of vitamin D formation is also 100 times greater 
at the second maximum, since a steady state obtains at these pomts. 
This inerease is quite unexpected, because the rate of vitamin 


formation must decrease as ergosterol is consumed. 


| 
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One possible explanation is a change of ergosterol into an isomer 
which has a much higher efficiency for conversion into vitamin D. 
This effect seems to fit in with the other peculiar phenomena 
occurnng in the mitial stages, such as the anomalous inerease in the 
absorption coeflicient for ultraviolet light, and the time lag in- 
volved in the exposure to weak ultraviolet light, as shown in 
Table I], in the experiments with ergosterol under quartz. This 
result is probably related to the formation of mtermediate products 
(7). The initial formation of a product such as lumisterol might 
explain these phenomena. 

Aside from this early anomaly, the time-activation curve as a 
whole can be reproduced satisfactorily by a kinetic treatment 

The maximum potency was 20 rat units per mg. If one takes 
the potency of 100 per cent vitamin Das 10 million rat units per 
gm., then at our maximum only 0.2 per cent of the ergosterol was 
converted into vitamin D. This low value (greatly lower than 
that attainable with ultraviolet light) suggests that the rate eon- 
stant /, for the decomposition is greater than /,; for the formation 
of vitamin D). 

According to the simplest hypothesis, vitamin 1D) may be gs- 
sumed to accumulate as the result of two consecutive first order 


reactions as below, 


Here A, B, and C represent ergosterol, vitamin D, and decomposi- 
tion products re spectively, At anv time the amounts of the first 
twoure designated by rand y. 

At the maximum, the following equations apply, The mani- 


1 tk Inky (1) 


When A; is much smaller than ky, equation | reduces to 


inf’, 


When Equation 2 is solved 
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Substituting in Equation 3 we obtain 
6.2 = In k, k, 
log ku ky = 6.2/2.3 = 27 
ky = 
Als @= 23 = (3.1 K 10° 400)/23 = —0.0059 


= = ORS; 


In order to obtain a steady state, when the vitamin D is present 
only to O22 per cent, the velocity constant for the decomposition 
must be 500 times greater than that forthe formation. According 
to the calculations based on the above hypotheses, there should 
remain at the maximum more than OS.S per cent of unchanged 
ergosterol, Obviously, such is not the ease, for the product here 
isa Vellow oil whose absorption speet rum is no longer characteristic 
of ergosterol Clearly, the explanation is that either ergosterol 
oran intermediate such as lumisterol is largely decomposed direetly 
by eathode rays without going through the vitamin D stage. A 
complete hvpot then the following steps. 


Here A, B, and © represent as before the ergosterol, vitamin D, 
and the decomposition products. This representation embraces 
the possibilitv of intermediate steps between A and B, since fy 
will refer to the slowest, or rate-governing step, if such isomers do 
enter, ‘The following equation represents the amount y of vitamin 


Successive approximations give the constants mm the above equa- 


tron the following values, 


ky A 
OUR see, O05 sec. see 
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These enable one to calculate the time-activation curve mathe- 
matically as shown in the last column in Table I. 

The agreement is satisfactory except near the beginning where 
the anomaly, already discussed, occurs. The implication of these 
constants is striking. It shows that the probability for the 
destruction of ergosterol is 400 times greater, and for the destrue- 
tion of vitamin D 30 times greater than the probability of the 
formation of vitamin D from ergosterol by electrons at the velocity 
and under the conditions deseribed here. This situation is 
plausible in view of the fact that the formation of vitamin D is a 
highly specific reaction requiring, according to Windaus and Thiele 
(S), the rupture of a ring with the production of an additional 
double bond, while on the other hand the decomposition need 
follow no definite, specific route. Further, these high speed elee- 
trons, because of their enormous energy, have lost much of the 
precision as a kinetic tool that characterizes selectively absorbed 
light quanta of smaller energy. 

The actual mechanism of the production of vitamin D> by 
cathode rays is an interesting problem. We have been unable to 
detect the presence of any secondary ultraviolet fluorescence from 
the bombarded ergosterol. The possibility is far from remote, 
however. ‘The emission of x-rays or light upon the deaeceleration 
of electrons is quite general, 

The output of the cathode ray tube measured calorimetneally 
is nearly 200 calories per minute. Calculations based on this 
output show that about 45 & 10° electrons are emitted im 400 
seconds. ‘This figure is probably too high, because it is necessary 
to estimate the average voltage of the electrons by assuming that 
the wave form of the rectified potential is still a true sine curve. 
(With Thaller’s (9) data for the electronic output of a tube, : 
value of 10 * 10° electrons in 400 seconds is obtaimed.) 

It is improbable that there is any fundamental integral relation- 
ship between the number of electrons absorbed and the number of 
vitamin LD) molecules produced because of the complex nature of 
the process. However, the following calculations are helpful in 
giving further understanding of the action of the cathode rays. 

The number of ergosterol molecules orginally present in the 
24mg.is 3.8 K 10° Thenumber of vitamin D molecules at the 
maximum potency is 0.2 per cent of this, or 7.6 K 10". At the 
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maximum, Ayr = Ayy, therefore, = 0.002 * 0.005 0.0000174 = 
0.058, or 5.8 per cent of unchanged ergosterol. Therefore, 3.8 x 
10'* & (1 — 0.058) = 3.6 * 10° molecules have been changed. 
The gross electronic yields as molecules per electron, M/E, are 
7.6 < 10" 
ME for antirachitic material found = — = 0.2 molecule per 
45 =< 10" 
electron 
3.6 10" 


SO molecules per 


electron 


ween ergosterol decomposed = 


The average voltage per electron has been estimated at 77,000. 
This, of course, does not necessarily mean that each of the SO 
molecules struck actually absorbed about 1000 volts of the elee- 
tron’s energy. Many collisions with the decomposition products 
for example would dissipate energy and such collisions are not 
accounted for. These figures do support the view, however, that 
in many cases the molecules may absorb much more than the 
4 clectron-volts (ealeulated as the equivalent of 3000 A.) necessary 
for vitamin 1) formation by ultraviolet light and that much of the 
absorbed energy is consumed in the decomposition of the molecules 
or the conversion into heat. 

The problem of activation by electron bombardment will 
probably be attacked better by the use of slower electrons and by 
further knowledge concerning the action of eathode rays on 
simpler molecules. 


The authors are greatly indebted to Professor Harry Steenbock 
and Dr. R. W. Haman for adviee during the course of this investi- 
gation andto Dr. Henry T. Seott; and they are glad to acknowledge 
the help given by the Wisconsin Alumni Research Foundation. 


StUMMARY) 


1. In agreement with the findings of earlier workers, ergosterol 
was found to acquire antirachitie properties when bombarded with 
high voltage cathode rays. Experiments showed that under these 
conditions the effeet due to the accompanying x-rays and ultra- 
violet light is relatively small. Experiments were tried with 
various filters and in the presence and absence of air. 

2. The cathode rays were found to exert a strong destructive 
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effect and the potencies were found to be considerably less than 
those obtainable with ultraviolet light. 

$4. Anomalous effects in the early stages of activation lend sup- 
port to the hypothesis that ergosterol changes to an isomer pre- 
ceding vitamin formation. 

4. By a kinetic treatment the time-activation curve is shown to 
be governed by three simultaneous reactions, the formation of 
Vitamin 1D), the decomposition of vitamin D, and the direct decom- 
position of ergosterol, 

5. One high velocity electron produces, under the conditions 
described, less than L molecule of vitamin D but decomposes about 
SO ergostero! molecules, 
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METHOD FOR THE DETERMINATION OF THE NON- 
PROTEIN NITROGEN OF TISSUE 


hy M.D. MEZINCESCU F. SZABO 


From the Institute of Huyuquene, Bucharest, Rumania) 


(Reeeived for publication, May 5, 1936) 


The determination of non-protein nitrogen of tissue and the es- 
tablishment of the nitrogen partition are of much help in the study 
of different problems of general physiology and biochemistry, as 
was shown recently, among others, by Terroine and Szues (6), 
Bonnet (1), Roehe (5), and Mezineeseo et al. (4). Unfortun- 
ately the methods recommended for the extraction and determin- 
ation of the soluble nitrogen are not very reliable. Terroine and 
Szuecs, Bonnet, and Mezineeseo and coworkers have employed the 
method of Voit (7) and Roche the method of Janney (3). With 
that of Elias and Kaunitz (2), these methods are practically the 
only ones actually emploved. We will point out briefly their 
disadvantages. 

The method of Voit was intended for food analysis, and its 
author used dry powdered substances as analytical material. 
When applied to the determination of non-protem nitrogen of 
fresh animal tissue, it very often gives aberrant results, because 
the aleoholic concentration of the extraction fluid vanes with the 
magnitude of the sample and its water content, and also because 
the fluid is deeply colored and it is very difficult to control its pH. 
Besides, the analysis takes a long time and necessitates involved 
manipulations: grinding the sample with sand in a mortar, quan- 
titative transference of the SSpension inte a volumetric flask, and 
distillation of the aleohol. 

The method of Janney, although invelving also long and tedious 
steps four water extractions, four filtrations, 1S hours of aleoholie 
extraction), is simple enough and gives fairly close results. But, 
as Was pointed out by the author, it gives far too high figures for 
the hon-protem nitrogen, since part of the protem is not precipi- 
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tated. Compared to the total protein nitrogen, the quantities 
remaining in solution are very small and the method allows the 
determination of protein with a close approximation; but these 
quantities are considerable in comparison with the extractive 
nitrogen, the figures for the latter ranging from 10 to 15 per cent 
higher than the true ones. 

Taking into account these facts, we thought that a simpler and 
more accurate method would be useful. 

It appeared to us evident that such a method should be based 
on the use of one of the protein precipitants employed im blood 
analysis, trichloroacetic acid for instance, which has been thor- 
oughly studied and recognized as a much better precipitant than 
aleohol and alcoholic and saline solutions. But the problem we 
had to deal with did not consist chiefly in the choice of a protein 
precipitant; indeed, the principal difficulty in the determination 
of the non-protein nitrogen of tissue is its complete extraction, 
Numerous experiments showed that grinding the tissue in a mortar 
with water or trichloroacetic acid solutions does not give good 
results. Most of the tissues cannot be ground well, even if they 
have been first passed through a meat grinder, and the protein- 
free extracts obtained in parallel analyses contaim variable quan- 
tities of nitrogen (differences between 10 to 15 per cent in the 
analysis of beef muscle). At any rate it is to be noted that by 
grinding with water and subsequent addition of acid, more regular 
results are obtained. This shows that the protein coagulation 
prevents the diffusion of the soluble nitrogen, at least when the 
grinding is not adequate. Ellas and Naunitz obtain better extrac- 
tions by freezing fine slices of the analytical material in carbon 
dioxide snow and grinding them with water and sand in a mortar. 
Qur numerous experiments finally led to the following technique, 
which avoids freezing of the sample as well as grinding it in a 
mortar. 


Method 


About 100 gm. of tissue are passed through a small meat grinder. 
We use a medium size Latapie grinder, which gives a very fine hash, 
but any kind of meat grinder can be employed. Only, in compari- 
son with the size of the instrument, the tissue quantity must be 
fairly large, since some remains in the grinder after its juice has 
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been pressed out, so that the composition of the ground material 
is not quite identical with that of the original. 

The ground tissue is thoroughly mixed Gf necessary with addi- 
tion of some water) until it is transformed into a more or less 
homogeneous paste, and its dry weight determined by heating a 
sample at 105°. 3 to 7 gm. of the paste are weighed in a glass 
eviinder, with heavy walls and a glass stopper, of about 120 ee. 
capacity. Ten to twenty glass pearls about S mm. in diameter 
ond Shee. of water are introduced into the evlinder; its contents are 
shaken vigorously for 10 minutes and then allowed to stand for 
SOmmutes. After this time, 50 ee. of a 20 per cent trichloroacetic 
send solution are added, the evlinder is shaken again for 10 min- 
utes, left for 3 hours in the refrigerator, and then its contents 
filtered. The filtrate must be perfeetly clear. A good filter paper 
should be used and the first portions refiltered if necessary. The 
nitrogen is determined on part of the filtrate by the Kjeldahl 
method, and the result is referred to the total liege volume (100 
ee. plus water of the sample) and finally to the dry weight of the 
sample! 

With very stall amounts of tissue the meat grinder cannot be 
ised the sample is hashed with seissors. We employ curved 
dissecting scissors with fine blades. The tissue sample is weighed 
on a small wateh-glass, thoroughly hashed, and then transferred 
quantitatively with 50 ce. of water into the glass eylinder. The 
procedure is continued as above. 


EXPERIMENTAL 


In Tables to Vi are given the results of some of the expert 
thent= made im order to vernty the proposed method. 

The data contamed in Tables T and IL show that for quantities 
of different tissues (beef musele, pig liver, kidney, brain, ete.) 
below 10) gm. (fresh maternal), the extraction of the non- 
protein mitrogen is completed in 3 hours. They show also 
that, under the recommended conditions, the extraction of greater 
quantities gives too low figures; so, for the last sample (Table I). 


' If water is added to the ground tissue and we want to determine the 
non-protein nitrogen concentration in the fresh material, the water content 
of the latter is determined and its non-protein nitrogen is caleulated from 
the figure corresponding to the drv weight 
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in the extraction of 20 and 23 gm., an average of 0.290 per cent of 
soluble nitrogen is obtained, against 0.310 when only about 10 gm. 
are extracted. 

The results in Table IIL justify the method of calculation 
adopted. The figures show that we must take into account the 


Taste | 


Sa Quantity extracted N® 
Pig liver 257 
() 257 
Pig kidnes (234 
0.7922 220 
Beef Muscle I 2 370 
liver % O707 () 24S 
242 
Muscle Il 
he 
23 


* All the figures for the non-protein N concentration correspond to the 
fresh weight of the analyzed tissues 


Taare Il 
Tn nee of Er? 
extracted from freeh beef n 


per fen 


0 407s 4007S 


increase in the volume of the extraction fluid with that of the 
‘tissue water, and consider the volume of the nitrogen solution 
iis equal to the “titi, volume of trichloroacetic acid solution 4 
volume of added water + volume of tissue water. Indeed, i 
the extraction fluid volume is considered as equal to LOO ce., the 
results are too low and the greater the sample the lower the results 
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The figures given in Table IV show that reliable enough results 
can be obtained without passing the sample through a meat 
grinder. Nevertheless, to obtain correct figures without grinding 
is sometimes difficult and a meat grinder should be used whenever 
sufficient tissue ts available. 

The degree of accuracy of the method is shown by the figures 
it Table Vo They prove that differences between parallel analyses 
rarely exceed 3 per eent. The least favorable results were ob- 


Ill 
ley of (‘alculation 


Soluble N when volume of 
corres dina solution is consider 


at 
Va 100 ce tissue 
100 
water 
per cen per cent 
12 23S 0 257 
Taste 
libata ifheaut (5) neling 
\ tend 
With erinding Without erinding 
cen per tent 
444 
Pig liver 37s 
3S0) 


with beef musele. is noteworthy, Moreover, that 
butehers’ ment Lives less regular results than fresh tissues. 

In Table VI we give comparative figures obtained by the 
method of Janney and by trichloroacetic acid extraction in 
parallel analyses of two meat samples. As predicted, the method 
of Janney leads to soluble nitrogen concentrations about 10 per 
eent higher than those obtained by our method. The differences 
correspond to the protein not precipitated by boiling water. 
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Tapie \ 
hee sults of Parallel Analyse of rent 7 “Nise 


(Juantity 
extracted 


Pig liver = SUSY ) 275 271 
3 () 
3 7744 0 273 
0733 
Calf Muscle I > LISS () 242 Oo OM 
24s 
4 3520 247 
24S 
4570 244 
7031 2S0) O70 
4707 
276 
0525 “274 
Rabbit muscle } 437 
‘(444 
3 440 
440 
05 444 
Pig kidneys 7 DAS () 23 230) 
9 
7 7004 251 
225 
SH 24 
S 
1402 S15 
S 4057 317 
6 S137 300 
7 OS17 
Sou 
() 
Beef Muscle II S 350 0 363 
6 1672 0 371 
7.6679 0 362 


d fT. retiee 

per cent of 
iveruge 


| 
| 

| 
2 
| 
| 

| 


M.D. Mezineeseu and F. Szabo 137 


In consideration of the fact that it is almost impossible to 
establish a satisfactory direet verification of the methods for 
determining tissue non-protein nitrogen, we consider the above 
figures conclusive enough. They show that the method gives 
coherent and regular results. Under the conditions recommended, 
no correlation between the magnitude of the sample or the extrae- 
tion time and the quantity of nitrogen extracted can be ascertained; 
this indicates that the extraction is complete. On the other hand, 
the quantities of nitrogen dissolved in 3 hours by protein hy- 
drolysis cannot be significant, ‘Thus we ean consider the figures 
we obtain as corresponding to the (rue non-protein nitrogen con- 


VI 
seluble N found by 
acid Method of Janne 


et 


cen per cent 

teef Niusele | 444 

1) 44S 

cifference 

373 

Average O 4145 
difference 


centration. To be sure, by this method the protein mitrogen can 
be determined by difference, and the trichloroacetic acid extract 
ean be emploved for the determination of the different soluble 
constituents, 

SUMMARY 


A method for the determination of the non-protem nitrogen in 
tissue, based on trichloroacetic acid extraction, is deseribed, and 
data obtained by this method are discussed, 
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DETERMINATION OF THE NITROGEN PARTITION IN 
TISSUES* 


By GILBERT B. AYRES?t anno MILTON LEE 


(From the Memorval Foundation for Neuro-Endocrine Research, Harvard 
Medical School, Boston) 


(Received for publication, May 1, 1936) 


In some investigations on intermediary protein metabolism it 
has been found necessary to devise and adapt methods for deter- 
mining certain protein and non-protein nitrogenous constituents 
of various tissues and of the careass as a whole. A number of 
workers (1) have contributed methods for the determination of one 
or several tissue constituents, but so far as we are aware no such 
system as that of Folin and Wu (2), as is now widely used for blood 
analysis, has been developed for tissues. Borsook (3) has recently 
developed spectrophotometric methods which may be adapted for 

The main objects sought for this system were (a) the use of 
tissue filtrates containing the constituents to be determined in 
convenient concentrations for colorimetric analysis, without inter- 
fering chemical reagents; (b) a technique of preparation of the 
tissue extracts which would prevent destruction or change of the 
constituents either by autolytic enzymes or by the reagents used. 

By the use of two tissue filtrates, the methods described below 
permit the determination of the following constituents: (a) soluble 
proteins, albumins, and globulins in a buffered salt extract; (b) 
sugar and soluble non-protein nitrogenous constituents, including 
amino acids, ammonia, urea, creatine, creatinine, allantoimn, gluta- 
thione (reduced), urte acid, and non-protein nitrogen in a tungstic 
acid extract. In addition certain other determinations such as 
giveogen, caletum, phosphorus, sulfur, total nitrogen, fat, ash, 


* This work was supported in part by a grant from bk. R. Squibb and 
Sons 
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cystine, cysteme, methionine, and water may be made on other 
samples of the tissue. 


fhoads 


Adult rats of the Wistar strain were used as the expermmental 
animals. In studies on the nitrogen partition of tissues it os 
especially important that careful attention be given to the nutritive 
condition and the selection of the animals used. The paired 
ing method of Mitehell and Beadles (4) has been found to be 
particularly suitable in the control of nutritional factors. 

The rats, after a known period of fasting, are killed by a blow on 
the head. The abdomen is quickly opened and the bladder and 
its contents clamped off and removed. The liver or other special 
tissue desired is next removed and dropped into a small pan half 
full of cracked COs It is manipulated hy One operator so that 
it is quickly frozen solidly. Meanwhile the whole alimentary 
tract within the abdomen is removed, enare being taken to leave 
behind most of the mesentery and the punerests. The earenss 
minus the bladder, liver, and alimentary traet is then quickly 
chopped into several pieces and put through an electric (1 horse 
power) meat grinder having a cutting plate with holes e:ther ineh 
or The grinder should be cooled with re«l 
snow and the hashed tissue collected in a pan containing granular 
snow. The tissue is thus quickly reduced to a low fempera- 
ture. Usually from two to six rats are combined for any one 
experiment in order to obtaim enough liver tissue for all of the 
determinations and to average individual variations in the animals. 
The cold hashed tissue is put through the grinder several times to 
insure thorough mixing and finer hashing. It is then spread over 
large chunks of COs ice, covered, and kept frozen until samples ean 
be weighed. 

The frozen livers, together with pieces of CO. snow, are put 
several times through a chilled hand grinder with a crushing end. 
The liver tissue comes out well mixed in a dust-lke powder. This 
powder is kept frozen until samples are taken. The hashed and 
frozen whole careass can likewise be reduced nearly to a powder in 
the same way, but this is unnecessary for most purposes. The 
technique of Graeser, Ginsberg, and Friedemann (5), by which 
liquid air is used for freezing, has been tried, but for the present 
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determinations the procedure given above, with CO. snow, has 
proved more satisfactory. The inert and acid qualities of COs, 
are protective to such constituents as glutathione. The snow is 
cheap and easily procurable and the hashing is comparatively easy. 
In humid weather moisture from the air may condense on the 
frozen tissue unless it ts covered, 


Tissue Filtrate for Non-Protecn Nitrogenous Constituents 


From 10 to 50 gm. of the frozen hashed or powdered tissue are 
weighed into S volumes of cold No 12 HeSO, and allowed to stand 
with occasional shaking for 2 or 3 minutes. 1 volume of cold 10 
per cent sodium tungstate and 2 to 10 gm. of washed and ignited 
sand are added. The mixture is shaken vigorously for 10 to 30 
minutes. The extract is filtered through « fine pore quantitative 
filter paper and kept in the tee box untilused. The filtrate should 
be just acid to methyl red. A few drops of toluene are added as a 
preservative. Tf sugar is to be determined, toluene must not be 
ded. 

Other precipitants than tungstic acid were tried. Sulfosaheylhie 
acid (4 volumes of 10 to 20 per cent) extracts are diffieult to filter. 
Trichloroacetic acid (4 volumes of 10 to 15 per cent) is satisfactory 
except in three respects. Much ealetum phosphate dissolves in 
the strongly acid solution, causing troublesome precipitates on 
neutralization. A slow conversion of creatine to creatinine occurs 
In the strong acid, even in the ice box. Its Impossible to recover 
uric aeid quantitatively with this acid. Schaffer and Lee (6) 
analyzed tissues for several nitrogenous constituents, using 4 
volumes of 3 per cent trichloroacetic acid, 

The non-protein constituents are relatively stable in the tungstic 
aeid filtrate and if kept at low temperature remain unchanged for 
several days. As far as we have been able to determine all of the 
non-protein nitrogen constituents are easily soluble in’ either 
tungstic or trichloroacetic acid in the dilutions used. 

Determination of Non-Protein Nitroge n The non-protein nitro- 
gen is determined by the Whoeh-MeMeekin (7) micro-Kjeldahl 
procedure. The original WKoch-MeMeekin digestion mixture was 
modified by using a mixture of and saturated KeSO, 
solution, contaming 0.5 per cent CusO,. 

It is advisable to use gum ghatti in all nesslerizations. For 
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whole carcass a 1 cc. sample of the filtrate is used; for liver, 2 ce.; 
and for muscle, l ee. A 0.2 to 0.3 mg. standard is used. 

Ammonia Ammonia is determined by aeration, 20 cc. of the 
filtrate and 2 drops of capryl alcohol being used to prevent foaming. 
The technique used is that of Folin (8) for blood, except that the 
amounts of the sample and of the carbonate-oxalate solution are 
doubled. A 0.05 mg. standard ts used. 

Amino Acids— 2 ce. of filtrate are diluted with 7 ce. of water 
and 1 ec. of 0.07 N HCl and the amino acids are determined accord- 
ing to Daniclson’s (9) procedure. A 0.1 mg. of /-leucine standard 
is used. In whole carcass extracts traces of calcium phosphate 
occasionally precipitate on standing. These may be removed by 
centrifuging. 

Creatine— 2 cc. of whole carcass or muscle filtrate are diluted to 
25ce. Sec. of this diluted filtrate are placed in a 30 cc. test-tube 
graduated at LO ec. 1 ce. of N HCL is added, the tube is capped 
with tin-foil and heated in a boiling water bath for 3 hours or auto- 
claved at 120° for Lhour. It is then cooled, the mixture ts neutral- 
ized with Lec. of N NaOH and diluted to 10 ce. with water and 5 ee. 
of alkaline picrate solution are added (1 ce. of 10 per cent NaOH to 
each 5 ec. of saturated pieric acid solution). A standard of 20 ce. 
of 0.01 mg. of creatinine per ec. is used. 10 ec. of alkaline picrate 
are added. The contents of the tubes are mixed and allowed to 
stand 15 minutes before reading. In computation note that the 
volume of the standard is twice that of the unknown. The pre- 
formed creatinine is subtracted from the creatine value. Since 
there is very little creatine or creatinine in the liver, these deter- 
minations were not made on liver filtrates. 

Creatinine For whole careass or muscle extract, 10 ec. of 
filtrate are taken and 5 ce. of the alkaline pierate solution, made as 
above, are added. A 0.20 mg. standard is used (see above). Some 
‘alcium phosphate in whole carcass extracts may precipitate in 
this test. It is removed by centrifuging. 

Reduced Glutathione Glutathione is determined alter the 
method of Benedict and Gottschall (10), except that the amounts 
of sample and of reagents are doubled and a final dilution to 25 ce, 
is made with 2 per cent sodium bisulfite. 10 ec. of muscle or whole 
carcass filtrate or 2 cc. of liver filtrate + S ce. of water are used. 
A 0.2 to 0.5 mg. of glutathione standard is used. 

Urea —To 5 ce. of filtrate 2 drops of Folin’s (S) urease buffer and 
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a strip of urease paper are added. Digestion is carried on for 30 
minutes at room temperature. The ammonia formed is deter- 
mined by aeration as in the blood method. The preformed 
ammonia is subtracted to correct the urea value. 

Acted modification of the method of Morris and Mae- 
leod (11) 1s used. To 8 ee. of whole careass or muscle filtrate, or 
to 4 cc. of liver filtrate + 4 ce. of water, 0.2 ce. of 2.5 per cent 
ZnC le and 1.6 ce. of 10 per cent NaeCO, are added with mixing. 
After centrifuging, the supernatant fluid is discarded. The 
precipitate ts dissolved in 10 ee. of Folin’s (8) cyanide-urea reagent 
and the uric acid determined by Folin’s method. A 0.004 to 
0.008 mg. standard in 4 ce. of water is treated similarly to the 
tissue filtrate. 

Allantoin —~A preliminary purification of the filtrate is carried 
out partly according to Larson’s method (12). It is not necessary 
touse phosphotungstice acid with these filtrates. 10 ec. of the regu- 
lar tungstie acid tissue filtrate are placed in a 15 ec. centrifuge 
tube and 2 ce. of basie lead acetate solution are added. After 
centrifuging, the supernatant liquid is transferred to another 15 ce. 
tube, the lead precipitated with H.S, and the PbS removed by 
centrifuging again. The supernatant solution is transferred to 
another tube and the H.S removed by aeration. 10 ee. of the 
aerated solution are transferred to a 15 ec. graduated centrifuge 
tube and neutralized to phenolphthalein with N NaOH. 1 ec. of 
mereune acetate reagent (according to the method of Read and 
(haikoff (13)) is added. After standing for 30 minutes the 
mixture is centrifuged and the supernatant liquid discarded. The 
precipitate is dissolved with 5 ce. of 0.1. N HCI, the mereury precip- 
itated with HLS, and the HgS removed by centrifuging. The 
supernatant liquid is transferred to an ammonia aeration tube, the 
HLS removed by aeration, and the allantoin hydrolyzed to urea 
by the method of Allen and Cerecedo (14). By this method the 
solution is neutralized, made to approximately 0.2 N with 3 
ec. of N KOH, and heated at 70° for 2 hours in a water bath. 
The solution is neutralized, made to 0.1 ~ with N HCl, and heated 
to 70) for 30 minutes. The solution is again neutralized and the 
urea determined by the method deseribed above. A 0.01 mg. 
standard is used. The nitrogen value is multiphed by 2.824 
and by 1.2 to give allantoin and to correct for volume changes. 

Sugar Glucose is determined by the difference in the amounts 
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of reducing substances in tissue filtrates before and after treatment 
with washed yeast. The total reducing substances are determined 
on 1 ee. of filtrate according to Folin’s (S) macromethod for 
glucose with a 0.2 mg. standard. 

The glucose is removed quantitatively by veast, and washed 
according to Somogyi's (15) method. A weighed amount of 
brewers’ yeast is suspended in 5to 10 parts of water. The mixture 
ix centrifuged and the supernatant liquid discarded. This ts 
repeated until a clear supernatant liquid, giving a negative test for 
reducing substances, is obtained. The veast is suspended in 3 
parts of water until ready for use. About five washings are 
necessary completely to free the veast of reducing substances, 
The yeast suspension will keep for several days in the tee box, but 
it is necessary to wash the veast once each day it ts used. The 
glucose Is removed quantitatively hy a modification of Somogvis 
(16) method. 

5 ee. of the above yeast suspension are placed in a 15 ee. cen- 
trifuge tube, centrifuged, ana the supernatant chscarded., 
10 ce. of tissue filtrate are added and the mixture well stirred and 
incubated at 30° for 10 to 30 minutes. After centrifuging, 2 ce. 
of the supernatant liquid are taken for determination of the re- 
ducing substances as above, a 0.2 mg. glucose standard bemg used. 
The value is subtracted from the total amount of reducing sub- 
stances present before treatment with veast to get the amount of 
glucose. 

The amount of non-glucose reducing substance vartes, but in 
general whole carcass filtrates will give more than liver filtrates. 
An average value for whole carcass filtrates is Lo0 mig. per cent and 
for liver filtrates 120 mg. per cent. 


Soluble Prot Clonstiti nts vis and (slohul 


About 2 gm. of the frozen, powdered tissue are extracted with 
50 volumes of 0.6 KC] buffer (0.025 0.005 KEE 
by gentle stirring for 2 hours. A few drops of toluene are added 
as a preservative. The mixture is filtered through a fine pore, 
quantitative filter paper and the filtrate is immediately ready for 
use, 

The buffered NC] extraction solution ¢ mploved is simular to that 
used by Edsall (17) for the extraction of muscle globulin and 
albumin, except that a considerably creater volume of half the 
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concentration is used. It was found that at least 25 volumes were 
required for complete extraction but that the concentration of KCI 
between 3.and LO percent was unimportant. Filtration was better 
with 50 volumes than with 25. Clear filtrates were always secured. 
The great dilution and probable destruction of certain non-protein 
nitrogen constituents, notably glutathione, precludes the use of 
this filtrate after protein preeipitation for non-protein nitrogen 
determinations. 

The protein extracted by 0.6 Mm KCI buffer solution is deter- 
mined by the Noceh-MeMeekin (7) micro-hjeldahl procedure, with 
a sample. The globulin is precipitated from a 20 ce. sample 
of the salt extraet by dilution to 50 ce. with saturated Na SO, 
solution at 37°. It is allowed to stand for 3 hours at 37°, and then 
filtered. 3 ce. of the filtrate are taken for a micro-Kjeldahl 
digestion. This gives albumin nitrogen. Globulin nitrogen is 
considered to be the difference between soluble protein and 
albumin nitrogen. A correction for the non-protein nitrogen may 


be made, 


( ‘om putations 


It is necessary to allow for the moisture content of the tissues 
in computing results. The average water content of rat (adult) 
liver is about 72 per cent; musele 70 per cent; and whole careass 
fi2 percent. A variation of a few per cent in the moisture content 
does not alter the final results significantly. 

The following formula shows how the results may be computed. 


S (V/V) C00/W) mg. per 100 gm. fresh tissue 
where Ro «= eolorimetrie reading of standard 
X = unknown 
s value of standard in me 
7 velume of sample of filtrate for determination 
 tungstice acid solution used (volume of 12 H,SO, + 


volume of 10°) sodium tungstate) + amount of water in 
tissue sample 
We in of tissue sample 


Several typical tissue analyses are given in Table 1. 


Recovery of Added Constituents 


Two extracts of 50 gm. each of whole rat careass were made 
according to the above techrique. Before extraction leucine, 
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urea, creatine, glutathione, urie acid, allantoin, and glucose were 
added to one tissue sample. The results of analyses made on the 
two filtrates are given in Table IT. 


Tasie | 
Typical ‘A nalyse of Tissue ah Mi hints Lh scribed 


Unless otherwise stated the results are given in mg. per 00 gm. of tivsue 


Whole Carcass, 
maladult 9 rats 4505 0175 95 38 0 4021 0 245 1200 1000 200 62.0 
Liver, adult ¢ 
rats 6 1600 1200 400 72. 0 
Liver, normal 
adult mice 462 19.03 9222 
Muscle, norma! 
adult rats 2 401 17 55 3286 142) 1080, 34075 0 


Il 
Unless otherwise stated the results are given in mg. per 1M) ery of 


tissue. 


4 
Original filtrate ... Trace 420 346 189 36.0 40 122m 
recovered 97 195 sit? 6S 
Percentage recovery “7 OF 5102 OD ay 


Other Determination 


Water, fat, ash, and total nitrogen are determined on convenient 
samples of fresh tissue by conventional methods. bor total 
cystine, a 3 gm. sample of fat-free, dry tissue is hydrolyzed and 
the cystine determined by the method of Folin and Marenzi (18), 
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Cystine and cysteine may also be determined on a sample of fresh 
tissue treated with trichloroacetic acid according to the method of 
Mirsky and Anson (19). 

For calcium, a 2 gm. sample of fresh tissue is digested with 
fuming nitric acid and the caleitum determined by the permanga- 
nate method. Phosphorus is determined by Johnson's method 
(20) on a 2 gm. sample digested according to the method of 
Neumann (21). Sulfur is determined gravimetrically as BaSO, 
from a 10 gm. sample digested with fuming nitric acid and oxidized 
with bromine or HeOQs. 

Glycogen is transformed into glucose by the Cori and Cori 
method (22) and the glucose determined by Folin’s macromethod 
(S). Methionine is determined by Baernstein’s method (23), with 
al gm. sample of dry, fat-free tissue. 


SUMMARY 


A method of tissue analysts is desenbed for determining soluble 
protein, albumins, and globulins; and the non-protein nitrogenous 
constituents, wz. amino aeids, ammonia, creatine, creatinine, 
reduced glutathione, urea, une acid, allantoin, and non-proteim 
nitrogen. Two filtrates are used, a KCl-buffered extract for the 
<oluble protein and a tungstie acid extract for the non-protein 
nitrogenous constituents. 
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Progress in the study of heparin and synthetic anticoagulants 
is conditional upon the availability of a simple method for the 
estimation of the activity of substances which inhibit blood clot- 
ting. Workers in this field have not as yet agreed upon one 
method, so that many of the results reported in the literature are 
subject to considerable uncertainty. 

The method chiefly employed is that of Howell (1). According 
to this procedure | heparin unit is the amount of heparin which 
in the eold prevents l ee. of eat blood from clotting in 24 hours. 
This method has also been used by Charles and Seott (2) in their 
nportant work on the heparin content of various organs and on 
the purification of heparin. Fischer and Sehmitz (3), and Schmitz 
4), employing chicken plasma, use a “coagulation value” which 
is derived from a logarithmic function of the elotting times at 
1° at various dilutions of heparin. Jorpes (5) in his work on 
heparin makes use of ox blood, the coagulation of which is deter- 
mined at room temperature. rom an Inspection of the data on 
heparin activity before and after purification, given in the papers 
mentioned above, it will be apparent that the methods deseribed 
ean by no means form the basis of a comparative investigation of 
Various antioagulants. 

We have tried to develop a simple method for the determination 
of inhibiting substanees and to define an inhibitor unit which, 
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within a certain limit of error, will be constant for a given sub- 
stance. 


EXPEERIMENTAI 


In the experiments here described chicken plasma was used. 
This, in contrast to that of almost all other animals, can easily 
be so secured that it will not clot for a relatively long period of 
time. On the other hand, by the addition of varying amounts of 
muscle extract any desired clotting time can be attained 

Examination of the conditions under which inhibitor activity 
could be estimated indicated that success depended on the tollow- 
ing conditions. (1) The reaction volume must be kept constant, 
as the numerous substances contaimed in plasma respond to dilu- 
tion in different ways. The addition to a series of plasma samples, 
for instance, of increasing amounts of an inhibitor solution will 
lead to discordant results. (2) Extreme care must be taken to 
disturb the plasma as little as possible. Attempts to increase 
the precision of the end-point may adversely affect its accuracy 
Plasma which coagulates in the presence of an inhibitor in general 
gives rise to clots that are very soft and may easily be broken up 
beyond recognition, if shaken before their formation is complete | 
(3) The period of time over which the determination of imbilitor | 
activity takes place should not be too extended, as the clotting | 
properties of plasma may change quite considerably with time 


thod 


Preparation of Plasma — The blood used in our experiments i 
obtained in the usual manner from the carotid artery of 2 vear-old 
roosters, about 50 cc. being secured per animal. All glass parts 
with which the blood comes in contact are paraflined. The blood ) 
is collected in four fractions, the first and the last of which may 
clot faster. The chilled glass cups are immediately centrifuged 
in the angle centrifuge at 3000 nop. for 20 minutes. The per- 
fectly clear plasma is drawn off into paraffined tubes and kept in 
the refrigerator. In general, mo plasma older than a week, nor 
any sample in which even a partial clot has formed, should be used “ 

Preparation of Activator—-The activator ts prepared according to 

“the method described by Fischer (6) for his “musele coagulin.” 
From 165 gm. of breast muscle of a bled rooster 5.4 gm. of an 
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extremely active, slightly yellow powder were obtained. The 
addition of as little as 0.1 microgram in 0.03 cc. of physiological 
saline to O.1 ec. of plasma effeeted a drop in clotting time from 
120 to 90 minutes at 30°, 

Definition of Unit We define the inhibitor unit as the smallest 
amount of inhibitor which will raise the clotting time of 0.1 ce. 
of plasma to 4 times its normal value under the experimental 
conditions described in the next paragraph. 


Trance I 
Beli mation of Activity 
kach tube contains 0.08 ee. of inhibitor solution, 0.1 ce. of chicken 
plasma, and 0.02 ee. of activator solution Experiment I, 1.6 mg. per ce. 
(@ 1:1) of Heparin Ry Experiment Uf, 2.2 mg. per ec. (= 1:1) of Inhibitor 


(*.] clotted: + «= not completels clotted: not clotted. 
Control Experiment I Experiment If 
u’ 
\ 
4 
1:4 
1: 12S 


Estimation: Experiment I, 1100 inhibitor units per me.; Experiment 
Il, 2%) inhibitor units per mg 


Measurement of Inhibition The measurements are carned out 
in a water thermostat at 30° + O.1°. A number of metal stands 
ure suspended in the thermostat in such a manner that they ean 
Le freely turned over. These stands, which are similar in design 

“Neto those deseribed by Fischer (7), carry small Pyrex tubes 
(10 & 75 mm.) tightly closed by a cover that is serewed to the 
stands. In each experiment a fresh strip of waxed paper is 
placed between the rubber lining of the cover and the tubes. 


¥ 
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A “normal clotting time” of between 6 and 10 minutes appeared 
to give the best results and was chosen in our experiments. In 
our experience, the naldlition ot O02 ce. of an approximately 
0.03 per cent solution of the activator to O.1 ec. of plasma almost 
invariably led to a clotting time within this range. The actual 
concentration necessary has to be ascertained for each batch of 
plasms. 

Kach tube contains a glass bead of 4 mm. diameter, 0.08 ce 
of the solution of the inhibitor at various dilutions in polis Sologieal 
saline, and 0.1 ce. of plasma. After all the tubes have been 
filled, 0.02 ce. of the activator solution is added, the tubes are 
closed, inverted once, and suspended in the thermostat. “The first 
reading ts carned out after a period corresponding to 4 times the 
normal clotting value, which has been determined in a preliminary 
experiment with 0.03 ce. of saline instead of the inhilutor. The 
complete immobility of the glass bead is taken as the eriterion of 
clotting. Asa check on the results the readings are repeated after 
Sand 12 times the normal clotting time. It sometimes oecurs in 
the fir-t reading that at a certain inhibitor dilution the tube con- 
tents are viscous but not completely coagulated. If at this dilu- 
tion the sample is found to be clotted in the subsequent reading, 
the inhilator activity (expressed in inhibitor units per mg.) is taken 
as 20 percent lower than aetually calculated (see Table I, I ri- 
ment 1). All determinations are earned out in dupheate. Two 
typical experiments are given in Table | 


T 


It is obvious that the method here described can only have the 
accuracy of a biological test and not that of a quantitative chem- 
ical procedure. The chief reason is the fact that the end-point, 
namely the formation of a clot, is comparatively ill defined. It 
nevertheless seems preferable to determine this end-point rather 
than “One other property related to the clotting moan unknown 
manner, ¢.g. the transmission of light through plasma 

Attempts were made to inerease the precision of the method 
by examining intermediate concentrations of the inhibitor, When 
ina given case the dilution 1:4 had been found active and the 
dilution 1:8 inactive, four intermediate dilutions were examined. 


Another method is to start from two solutions of the same in- 
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hibitor in which the relative concentrations are 2:3 and to compare 
the activities in both dilution seres. Thus, an intermediate 
value can be found which in general will be more accurate than the 
one found in a single series. It has proved useful to establish an 
inhibitor standard with which to control the freshly obtained 
plasma preparations in order to be independent of individual 
variations. In these experiments a heparin preparation from beef 
lungs was chosen, the activity of which had repeatedly been 
found to be between SOO and 1000 inhibitor units. 1 inhibitor 
unit determined by the method desenbed here appears to corre- 
spond roughly to 0.07 Howell unit. The activity of two heparin 
samples which are on the market was estimated. A heparin 
preparation of 15 Howell units per mg. obtained from the Con- 
naught Laboratories, Toronto, Canada, was found to have 220 
inhibitor units per mg.; another sample of 5 Howell units per 
mg., obtained from Hynson, Westcott and Dunning, Inec., Balti- 
more, contamed about 7O inhibitor units purr 

The accuracy of the method could be increased if it were possible 
to establish an inhibition curve. We have not been able, however, 
to determine such curves, contrary to the observations of Fischer 
and Sehmitz (3). While it is perfectly easy to obtain a charae- 
teristic activation eurve, the action of the inhibiting substance 
seems to have a different mechanism. A large number of experi- 
ments showed that there exists a minimum dose of the mnbubitor 
whieh will keep the plasma liquid for many hours. Two typical 
experiments are given in Table Lin which an inhibitor dilution of 
1:4 and 1:32 respectively did not prevent clotting within 30 
minutes, whereas the samples containing the next higher concen- 
tration staved liquid for 3 hours and more. Whether this phe- 
nomenon is conmmeected with the softenmg effect exerted by heparin 
on the fibrin clots, as mentioned before, or whether we are dealing 
here with a special “poisoning effeet,”” we do not know. In the 
ease of heparin the animal organism seems to be able to destroy 
its inhibiting properties in a comparatively short time. It may be 
different with some of the synthetic anticoagulants. It will be a 
matter of further work to determine whether this minimum dose 
coincides with the toxteity level of certain inhibitors. 


We are indebted to Mrs. Charlotte Breitung for assistance in 
the course of these experiments. 
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SUMMARY 


1. The conditions are discussed under which the inhibition 
effect of heparin and similar substances on plasma clotting can be 


measured. 
ee method is desenbed for the estimation of mbhibiter ae- 


tivity, and a definition is given of the inhibitor unit 
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The discovery in liver of the anticoagulant heparin by Howell 
and Holt (1) probably marks the greatest progress in the theory 
of blood clotting the times of Scehmidt and Hammarsten. 
The fact that representatives of both classes of substances having 
antagonistic effeet< in blood clotting, ez. the activators and 
inhibitors, occur in animal tissue may form the basis for the 
assumption that there normally exists in the body an equilibrium 
between these substances, which is disturbed in certain path- 
ological cases (¢.g. thrombosis, hemophilia, ete.). 

Howell (2) was the first to draw attention to the fact that 
heparin was probably formed of a complex containing uronic acids, 
calcium, and sulfune acid. The importance of the SO,H group 
for the inbubition of blood clotting was emphasized by Demole 
amd Reinert (3) and by Fiseher (4). The high ash content of 
heparin has been peimted out by almost all workers on this subject. 
Jorpes 5) has ntly reported the isolation from heparin, 
prepared from ox and horse liver according to the method of 
Charles and Seott (6), of a substance which he considers to be a 
chondroitintrisulfurne acid. According to Sehmitz (7), however, 
heparin prepared by the procedure of Sehmitz and Fischer (8) 
does not contain sulfuric acid. While the work here deseribed 
Wis progress, Bergstrom reported on it of poly- 
saccharide sulfune acids with heparin activity. 


* Study of the mechanism of thrombosis and embolism supported by the 
Carnegie Corporation of New York 
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The findings summarized in the preeeding paragraph suggest 


one of the following possibilities, (1) Heparin may actually be 


a polvsacchande sulfuric acid, in which case the results obtained 


by Schmitz (7) could not be explained. (2) The animal body 


may contain more than one “heparin.” Although this assumption 
would account for the tsolation of both sulfur-free and sulfur- 
containing substances, it lacks conclusive evidence. (3) The 
heparin preparations desernibed in the literature may contain only 
small amounts of the active substance. In this case the inhibition 
of blood clotting by synthetic anticoagulants might be governed 
by a mechanism entirely distinet from that of heparin inhibition 
and could not serve as a model for this action. To test these 


I 


haperiment 
No nite Her me 
1 Sodium salt of cellulose sulfurte acid (10, 11) si 
Potassium salt of pols vinvl sulfuric acid 
Sodium sult of galactan sulfuric acid from red 
alga, Tride laminarioides 
5 Heparin H 70 
7 


possibilities an investigation was carried out of the effect on blood 
clotting of a number of naturally occurring and synthetic sub- 
stances of high molecular weight. 

Our findings are summarized in Tables Land Il. It wall be 
seen that no substance active in the inhibition of blood clotting 
could be found that was free of sulfur. It should, however, be 
stated that a product obtained by phosphorylation of cellulose 
with phosphorus oxvehloride showed weak inhibition activity (about 
LS inhibitor units per mg.). As this substance has not as vet been 
purified to a satisiactory degree, we shall have to reserve this 
point for the future. On the other hand, a number of substances 


of high molecular weight, contaming sulfurne acid esters, were 
found inactive (Table IL, Experiments 5, 7,9). The inactivity of 
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cellulose monosulfuric acid may be due to its low solubility in 


water. The lack of activity of agar-agar and the polysacchande 
from cornea may be explained by the assumption that the type of 
sulfurie acid linkage in these substances is different from that in 
the inhibitor substances. The inactivity of pentamethylene and 


decamethylene disulfomie acids (Table IL, Experiments 1 and 2) 


is in agreement with the findings of Bergstrom (9) regarding the 
sulfuric acid derivatives of simple sugars which likewise were 
found mactive. 


Taste Il 
Nuhatances in Trhibition of Blood Clotting 


Neo peree. plasma 


substance 


my 
Sodium salt of pentamethvlene-a, o-disulfonte 74 
mend (13) 
2 Sodium salt of deeamethvilene-a, o-disulfoniec 8.9 
(13) 
4 Sodium salt of taurocholie acid (swnthetie) (14) 
Polyvinyl aleohel 4.1 
Sodium salt of cellulose monosulfurte acid 1.3 
3-Amylose 2.7 
7 Agar-agar 
Polvsaccharide from vitreous humor (15) 16 
eornea (16) 2.2 
Specific polysaccharide from  pneumococes 1.2 
Type TIL 7) 
Specific polysaccharide from bacillus Calmette- 
Csuérin (1S) 
IZ Peptone (Hoffmann-La Roche) 1.9 
Taka-diastase (Parke, Davis) 1.2 
“Antitrypsin’” from egg white (1%) 


The fact that the comparatively strong polysaccharide acid 
from Type LIL pneumocoeei, which gave highly viscous solutions 
in water, failed to show any inhibiting activity (Table II, Experi- 
ment 10) proves that high molecular weight and acidie properties 
are not the only requirements for a potent inhibitor. ‘“‘Anti- 
(19), a preparation from egg white inhibiting the aetion 


trypsin’ 


of trypsin, was inactive in blood clotting (Table II, Experiment 
14). This does not seem to be in agreement with the views of 
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Waldschmidt-Leitz and collaborators (20), who regard the coagu- 
lation of blood as a proteolytic process which according to them is 
accelerated by trypsin kinase and inhibited by a number of 
proteolytic substrates, e.g. clupein, thymus histone, ete. 

Both cellulose sulfurte acid and polyvinyl sulfurte acid (Table T, 
kixperiments 1 to 3) showed the same, very high activity, whereas 
polyvinyl aleohol proved entirely inactive (Table IL, Experiment 
4). It was interesting to find that an inhibitor substance, a 
galactan sulfuric acid ester, occurs in the alga, [ridea lamrnarioides 
(12) (Table I, experiment 4). 

The data on the activity of heparin preparations given in Table 
I (Experiments 5 to 7) show that, while commercial heparin 
samples are less active than the synthetic anticoagulants, it Is not 
difficult to obtain heparin preparations from lungs or liver, which 
are considerably more active than any polysaccharide sulfurie acid 
examined up to now. This preparation (Table Il, experiment 7) 
is by no means a homogeneous substance, and can be further 
purified with accompanying increase in activity. The question 
arises as to whether this enormous difference in activity between 
the synthetic and natural anticoagulants ts in harmony with the 
view that the latter are sulfuric acid derivatives of chondroitin- 
sulfuric acid. 

As a result of the experiments here described, which in general 
are in good agreement with the findings of Jorpes and Bergstrom, 
one can conclude that, as the matter now stands, the following 
properties seem to be necessary for a substance whieh is to aet as 
inhibitor of blood clotting. It ritist be water-soluble, of high 
molecular weight, and it must contain combined sulfure acid or 
possibly other seid of <Innilar strength. 


ELAPELERIMENTAL 
Pre paration of Material 


Cellulose Sulfuric Actd This acid was prepared according to 
Traube and collaborators (10) by treating dry, defatted cotton 
suspended in pyridine with ehlorosulfonie acid. By this method 
somewhat better results were obtained than by that of Gebauer- 
Filnegg and collaborators (11) who earried out the reaction at a 
higher temperature. The pyridine salt obtained was converted 
into the sodium salt, a white amorphous powder giving highly 
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viscous solutions with water. This preparation has a slightly 
higher inhibitor activity than commercial heparin (Hynson, 
Westeott and Dunning, Lot 130) (Table I, Experiment 1) and 
seems to correspond to the substance tested by Bergstrém (9). 

This product could be further purified. 1 gm. of the sodium 
salt was dissolved in 20 ec. of water; the solution was made slightly 
alkaline to phenolphthalein with sodium hydroxide and centri- 
fuged in the angle centrifuge at 3000 n.p.m. for 15 minutes. The 
precipitate was washed with slightly alkaline water and with 
aleohol. This substance after drying weighed 110 mg. and formed 
a white horn-like material. On treatment with water it formed 
what was apparently a clear aqueous solution. That the sub- 
stance Was not really dissolved is shown by the fact that it pre- 
cipitated on being centrifuged. This product, which is entirely 
inactive in the inhibition of blood clotting (Table Il, Experiment 
5), gave on analysis values that were quite near those required 
by the sodium salt of a cellulose monosulfuric acid, 


SNa (264.1). Caleulated. S 12.2, Na 8.7 


Found 
S:Na, 1:12.02 


To the solution from which the insoluble material had been re- 
moved 3 volumes of aleohol were added. The precipitated ma- 
terial was centrifuged and washed with aleohol. After two more 
reprecipitations a white water-soluble powder was obtained which 
weighed 450 mg. This substance is extremely active as inhibitor 
of blood clotting. In our method it was found to have 250 
inhibitor units per mg., and it was about 4 times as active as a 
commercial heparin preparation of 5 Howell units (see Table I, 
Experiment 2). Its sulfur content points to a sedium salt of a 
cellulose disulfurte aetd., 


S.Na, (366.2). Caleulated. S 17.5, Na 12.6 
Found 

S:Na, 1:1.2 


Polyvinyl Sulfurie Acid Polyvinyl alcohol is soluble in water. 
It showed no activity whatsoever in the inhibition of blood clotting 
when examined ina 1.03 per cent solution (Table IL, Experiment 4). 
1.04 gm. of the dried material were suspended in 24 gm. of dry 
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pyridine, and 6 gm. of chlorosulfonic acid were slowly added to the 
chilled mixture. After the reaction had slowed down, the mixture 
was kept at 70° for 1} hours. The mother liquor was decanted 
from the reaction product which formed a rubber-like, very elastic 
material, It was taken up in 20 cc. of water, made alkaline with 
2~ KOH, and 80 cc. of aleohol were added to the solution. After 
cooling, the precipitate was removed by centrifugation and dissolved 
in 75 ce. of warm water. The solution was centrifuged, the super- 
natant liquid filtered through cotton, and the product precipitated 
by the addition of 150 cc. of alcohol. After two more precipita- 
tions 1.85 gm. of the potassium salt of polyvinyl sulfuric acid were 
obtained as a white water-soluble powder which was highly active 
as inhibitor of blood clotting (250 inhibitor units per mg.; see 
Table 1, experiment 3). 
SK), (62.2). Caleulated. 8S 19.7, 24.1 
Found, 


Measurement of Inhibition Activity 


In all experiments the measurement of inhibitor activity: was 
eartied out according to the method described in the preceding 
paper (21). The substances were dissolved in physiological 
saline, the maximum concentration in which the compounds classi- 
fied as inactive were tested being between 1.2 and 10 mg. per ce, 
of plasma. In the case of active substances much lower concen- 
trations could be used. 

The results obtained with the various substances tested are 
summarized in Tables I and II, the number of inhibitor units 
per mg. being given in each case. 


Inseonclusion we should like to express our indebtedness to our 
colleagues who have kindly given us samples of some of the com- 
pounds tested in the course of this work, ez. Dr. W. Z. Hassid 
of the University of California, Berkeley, and Doetors H. T. 
Clarke, M. Heidelberger, K. Meyer, F. Cortese, and G. C. H. 
Stone of this University. A sample of highly purified 3-amylose 
was given us by the late Dr. T. C. Taylor. We are also indebted 
to Hoffmann-La Roche, Inc., and to Hynson, Westcott and 
Dunning, Ine., for samples of heparin. 
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SUMMARY 


1A number of substances of high molecular weight, both of 
neutral and aecidie properties, have been examined as to their 
activity as inhibitors of blood clotting. 

2. The preparation of cellulose mono- and disulfurie acids, and 
of polyvinyl sulfurie acid is deseribed; the inhibitor aetivity of 
these compounds is discussed. 

3. A naturally occurring galactan sulfuric acid ester has been 
found active in the inhibition of blood clotting. 
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BLOOD LACTIC ACID FOLLOWING THE ADMINISTRA- 
TION OF INSULIN IN CATS WITHOUT THE 
ADRENAL MEDULLA 
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(From the Departments of Physiology and of Pathology, College of Physicians 
and Surgeons, Columbia University, New York) 


(Received for publication, April 29, 1936) 


The following study is concerned with the behavior of lactic acid 
in the blood after the administration of insulin. In view of the 
sensitivity of the laetie acid mechanism to epinephrine injections, 
animals were desired that would give no excitement reactions to the 
necessary drawing of blood samples without an anesthetic. This 
condition may be achieved to some extent in normal animals by 
training, but to eliminate a possible epinephrine interference, we 
decided to work upon animals from which the adrenal medulla in 
both glands had been removed by operation. 

We had available for study three cats from which one adrenal 
medulla in each had been removed by dissection, leaving the cortex 
present. In a subsequent operation the other gland in each cat 
was entirely removed. 

At the conclusion of the experiment histological examination of 
serial sections of the glands showed the following: in one animal 
(Cat 107) no medullary tissue was found; in the second (Cat 105) 
an area of medullary tissue measuring 0.3 mm. X 0.5 mm. was 
found: in the third (Cat 101) a remnant measuring 1mm. X 0.4 
nm. Was present. 

These animals had been in use in the laboratory for a period of 4 
months. They were in excellent general health. The average 
weight was about 4 kilos. Previous to use the animals were fasted 
for from IS to 20 hours. They were thoroughly accustomed to the 
handling attendant upon the drawing of blood samples at short 
intervals and showed no resentment to the treatment. Blood was 
drawn from the femoral or saphenous vein without the use of an 
anesthetic. Insulin (Eli Lilly) was given by intravenous injection, 
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following the taking of the initial sample. After the injection of 
Insulin the animals were very quiet and showed practically no 
muscular activity until the period of onset of convulsions, if they 
occurred, Blood samples were taken at intervals of 15, 30, 60, 90, 
120, ISO, 240, and occasionally of 300 minutes after the injection 
of insulin. The blood was collected in dry potassium oxalate 
containing 50 per cent of sodium fluoride. 

The method for the determination of blood sugar was that of 
Shaffer and Hartmann for 1 ce. of blood. The method for the 
determination of lactic acid was a modifieation of that of Fried- 


emann, Cotomo, and Shaffer (Seott, 1936), 


| 
Lact Ay id per jimi de. «of Blin 


Copper-lime treatment Without copper lime 
Venous 
8.9 
24 
M4 4 
Arterial, under ether | 4 
my 
4 2 
Average 27.4 | 


Following the precipitation of the proteins by sulfuric acid ane 
sodium tungstate, the filtrate was cleared of ghicose by the use of 
copper sulfate and lime (Van Silvke, 1917). 

Boyland (1928) suggested that glicose does not interfere in the 
determination of lactic acid even when permanganate is used as the 
oxidizing agent. We compared the values for lactic acid with and 
without the use of copper sulfate and lime in the blood of a normal 
cat, drawn without anesthesia from a leg vein, and also in arterial 
blood from a cat under ether anesthesia (Table 1), 

Similar results have been reported by Cook and Hurst (1933) 
with the Clausen method with dilute permanganate and sulfuric 
acid (1922). 

Notwithstanding these observations that would lead to the 
conclusion that sugar does not interfere in the determination of 
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CATS WITHOUT THE ADRENAL MEDULLA 
INSULIN. DOSAGE 
1 UNIT/ KG. 1 UNIT/KG, 1 UNIT /KG. 
a | CAT 101 CAT 105 CAT 107 12g 
$ | 
| ? 
| 
| 
- 60] 
5 
o'})50 2 UNITS/KG. || 2 UNITS/KG. 2 UNITS/KG.| 
40} 
=| 101 108 107 
| 
100 
| y ed 
40 
f CONVULSIONS TCONVULSIONS 
m AVERAGES OF —dars 
| CONT ROL BLOOD LACTIC BLOOD SUG 
101 ACID 12¢ 
«a 
x 
<} : 
S UNIT IUNIT 50 
10 
8 2 UNITS 2UNITS 
~MINUTES | 


bic l. and lnetic acid expressed is percentages of 
the initial values. The heavy line represents lactic acid; the light line, 
bylevened stigur The eurves represent changes in the percentage values of 
the blood sugar and the blood Iaetie acid in eats without the adrenal 
medulla, following the injection of 1 and of 2 units of insulin per kilo of 
body weight. One eontrol is given. The average values are also shown. 
The 90 minute point in the blood lactic acid curve, following the injection 
of 2 units of insulin, is the average for two cats (Nos. 101 and 105); the 

third cat was in convulsions. 
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lactic acid even when permanganate is used as the oxidizing agent, 
all of the work was done with filtrates from which presumably the 
glucose had been removed by the standard method. 

The precision of the method for lactic acid determination as 
carried out here was satisfactory, since the average difference 
between the dupheates was LOme. per 100 ce. of blood. 


Il 
(‘once niration of Lacti Acid in Ma. pr at Blo | 
Administration of Insulin mm C'ata without the Adrenal Vedulla 
The figures in this table represent averages af duplie ite analyses of 
1 ec. blood samples except where noted 


(‘at fat 1% (‘at 107 
Time Dosage of insulin in units per b 
unit 2 units None unit 1 wrest unites 

ho ob In 2 1 4 

30) M47 lo a) 2 Inn 
120) 7.7 78 65 
162 
14} 


* One determination 
* Convulsions occurred shortly after taking this sample 
+ The animal was prostrated at this time 


The blanks were OS + 0.06 ce. of 0.001 S jodine in 5 per cent 
potassium iodide on ten determinations.'. This is the iodine 
equivalent given by Friedemann and Graeser (1933). Using an 
all-glass apparatus, we obtained the same blanks. All of the 
chemicals that were used were Merek’s reagent chemicals. The 
small deviation of the blanks is of greater importance than their 
absolute values. 


} Deviations are expressed as mean deviations (Seott, 1427) 
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The average initial blood sugar was 86 + 8.9 mg. per 100 ec. of 
blood. ‘The average initial blood lactic acid was 18.0 + 2.2 mg. 
per 100 ec. of blood. 

Since this type of animal material is limited in quantity, all of 
the data on lactic acid, which consist of six experiments upon three 
animals, three experiments with 1 unit of insulin and the same 
number with 2 units per kilo of body weight, are presented here. 
The absolute values are given in Table IL. The percentage values 
in terms of the initial values are given in Fig. 1. One control in 
which no insulin was injected is included. The blood sugar values 
appear in Fig. 1 only. 


= NORMAL CATS-2 UNITS OF INSULIN/KG. 
CAT 140 CAT 141 CAT 150 


120 180 2401) ie) i120 180 \240 10 PO i240) 500 


- 


bia. 2. Percentage changes in blood lactic acid and in blood sugar in 
three normal cats Phe heavy line represents lactic acid; the light line, 
blood 


Study of Table [Land of Fig. 1 shows that there is a marked 
similarity between the effeet of insulin upon the blood sugar and 
the laetie expressing the values as percentages of the 
initi!] values makes the similarity very striking (Seott and Dotti, 
1932). An initial rise is charactertstie of the blood sugar curve 
in the ent. A similar initial rise in blood lactie acid sometimes 


Occurs. 

The injection of 2 units of insulin causes a more rapid and a more 
pronounced fall in the blood lactie acid in all three of the eats 
than that produced by | unit. This is shown in Fig. 1 by the 
averages for the first 60 minutes. There is a drop of 17 per cent 
with Tunit and with 2 units the drop is 53 per cent. 


4 
| 
20} 
7 + 
« 1 
| 80} 
4 
x 
| CONVULSIONS 
- A 
ME- MIN 
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The accepted opinion at the present time is that insulin has no 
direct effect upon lactic acid in normal animals (Himwich, 1932; 
Cori, Cori, and Buchwald, 1930). The opinion was advanced 
somewhat earlier, however, that a regular and inverse relationship 
existed between sugar and lactic acid in the blood under the action 
of insulin (Briggs ef al., 1924). 

For comparison with the work offered here on the cats without 
the adrenal medulla we present also three curves showing per- 
centage changes in blood sugar and in blood lactic acid in normal 
‘ats following the injection of insulin. The experimental condi- 
tions were the same. The blood was drawn at short intervals 
following the injection of 2 units of insulin per kilo of body weight 
from the leg vein without anesthetie. The preliminary period of 
fasting was from 1S to 20 hours, except in Cat 150 in which the 
period without food was more than 24 hours. The curves are 
shown in percentage changes of the initial values (Fig. 2). The 
absolute values of the initial samples are given below. 


Cat No acid ce. blood “ugar 
| 
140 Om sl 6 
14! Is 4 
2 “4 4 


From these curves it is indeed very difficult to interpret) the 
changes that occur in lnaetic acid following the ot 
insulin in normal animals. The observations on Cat 140 might 
support the opinion of an inverse relationship (Briggs «fal, 1924), 
if the samples happened to be taken at the proper moments. 
An indefinite reaction is obtaimed m Cat 41.) In Cat 150, 
however, there appears to be a typical insulin effect. During 
the initial 90 minute period both sugar and lactic acid fell 
proportionately. Following the incidence of the convulsions, 
which occurred at 107 minutes after the injection, there was a 
marked increase in lactic acid in the blood and a smaller increase in 
blood sugar. The rise in blood lactic acid reached its peak within 
13 minutes after the convulsions. The insulin effect then re- 
appeared and lasted for 120 minutes. Thereafter, there was a 


recovery in both sugar and lactic acid. 
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In animals without the adrenal medulla there seems to be a 
demonstrable effect of insulin upon blood lactie acid and this is 
more pronounced with inereased dosage. In these animals the 
lactic acid and the sugar metabolism seem to be intimately re- 
lated and similarly affected by insulin. 

If further work substantiates the implications of these observa- 
tions, it will, apparently, be necessary to make some fundamental 
modifications in the current conception of the réle of lactie acid in 
carbohydrate metabolism. 


SUMMARY 


In three cats without the adrenal medulla the blood lactic acid 
and the blood sugar curves following the injection of insulin are 
very similar. 
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THE REACTION OF CYANIDE WITH THE HEMOCYANIN 
OF LIMULUS POLYPHEMUS 


By OLOF H. PEARSON 
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(Received for publication, May 22, 1936) 


hobert (1) observed that eyanide reacts with oxyhemoeyanin 
so as to remove oxygen, forming a colorless complex. The stoiehi- 
ometrie aspects of this reaction have been studied on hemoeyanin 
prepared from the blood of the horseshoe erab, Limulus poly- 
pheomus. It has been found that eyanide reacts with oxyhemo- 
evanin to form a evyanhemoeyanin, whieh is a fairly stable com- 
pound, but that under eertain conditions the reaetion may be 
qualitatively reversed. Sinee eyanide removes oxygen from 
oxvhemocvanin (1), it is assumed that cyanide reaets with the 
prosthetic group so that it ean no longer hold oxygen. Evidence 
will be presented to show that the combining ratio of eyanide to 
copper, in the ease of Limulus hemoevanin, is four evanide E£roUps 


te of Copper, 


Methods 


ln studving the reaction of hemocyanin with evanide, it ts 
desirable to know accurately the amount of copper present, as a 
measure of the number of prosthetic groups. The precise deter- 
Inination of copper was made by the micromethod of Schoorl 
and Begemann (2), simplified by Redfield, Coolidge, and Shotts 
(3). Estimation of copper was also made by determining the 
refractive index of purified hemocyanin solutions (4). 

Hemoevanin Wits purified by dialysis of serum and precipitation 
of the salt-free solution at the isoeleetme pomt (3). The hemo- 
eyanin was washed by repeated precipitations at the tsoeleetnic 
point, ane the final preeipitate of hemoevanin was dissolved in a 
minimum of ©OL NS NaOH, which gave approximately a per 
cent solution, 
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Oxvhemocvanin has an Intense blue color in solution. When 
treated with KCN, it forms a cvanhemocyanin which is colorless, 
The color of hemocyanin solutions has been taken as an indication 
of the degree of oxygenation of the protein and was used by Pantin 
and Hogben (5), to construct oxygen dissociation curves. Red- 
field (6) has studied the absorption of light by hemocyanin solu- 
tions and has developed a spectrophotometric method for 
measuring the degree of oxygenation of such solutions. Since 
cyanide is assumed to replace oxygen in oxyhemocyanin, a measure 
of the degree of oxygenation gives by difference a measure of the 
progress of the cyanide reaction. By this means it was possible 
to follow the combination of evanide with oxvhemoevanin., All 
measurements on the spectrophotometer were made with light 
of a wave-length of 590 my, where Limulus hemoevanin has maxi- 
miu absorption. The equilibration of hemocvanin solutions 
with KCN was carried out in tonometers of the type described by 
Redfield (6), so that measurements of the color could be readily 
made with the spectrophotometer. 


EXPERIMENTAL 


2 mil. of the purified solution were introduced into a tonometer 
and the volume increased to 6 ml. with distilled water. When 
equilibrium was reached, the extinetion coefficient was measured 
with the spectrophotometer, which gave a value for the oxygenated 
hemocyanin at this particular concentration. Additional portions 
of 2 ml. of the hemoevanin solution were treated with successively 
increasing concentrations of KCN solution and were allowed to 
stand for 48 hours at 20° until equilibrium had been reached. 
The solutions were diluted in each case to 6 ml. with distilled 
water and the tonometers stoppered. At the end of the 48 hour 
period the extinction coefficients of the various samples were 
measured. The results of this experiment are summarized in 
Table 1. 

The uncombined KCN ts obtained by correcting for the amount 
of evanide used up in the formation of evanhemoevanin, assuming 
that 1 atom of copper is equivalent to 2 evanide ions. The justi 
fication of this assumption is discussed below. When the un- 
combined KCN is plotted against the percentage of cyvanhemo- 
ceyanin, a sigmoid curve, characteristic of oxygen dissociation 
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curves for respiratory proteins, is obtained. The reaction of 
oxyhemocyanin with eyanide may be represented as follows: 


RCu.O, + aCN RCu(CN), + (1) 


where RCusQ, represents the quantity of oxyhemocyanin reacting 
with » moles of evanide to form the eyanhemocyanin, RCu,(CN),. 
When the mass law is applied to this equilibrium, the following 
linear equation is obtained, when the oxygen tension is constant. 


he ‘ul(CN). 


where £ is the equilibrium constant. 


I 
of € in rescence Amounts of 
Potassium Cyanide 


KON total added KON ( yanhemocyanin 

me per cent 
TALL ooo 0.0 
49 4.5 
15.3 
73 21.8 
1 o4 “4.0 
1 10 49.2 
1 70 12 73.2 
2 thy 157 S36 
> 2 03 92.9 


Cu @ 283 mein each case. 


kquation 2 may be plotted as a straight line with log 
CN), as ordinate and log KCN as abscissa, in 
which case & will be given by the intersection with the abscissa, 
and m will be the slope of the line. The concentration of KCN 
must be corrected for the amount used in the formation of evan- 
hemocyanin, according to the value of m. Upon experimenting 
with different values of mn, it was found that the above conditions 
are satisfied when « is equal to 4. The line corresponding to 
Equation 2 and which fulfils these conditions is plotted in Fig. 1. 
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This information indicates that the value of n in Equation 1 is 
equal to 4. 

Three similar experiments were carried out with Limulus serum 
instead of the salt-free hemocyanin. The molecular concentration 
of hemocyanin was varied in each experiment. Sigmoid curves 
were obtained as before. When the mass law is applied, as above, 


straight lines resulted in each case, having a slope of 4 On $): 
si3 OF 
° 
1.0} 
log KCN 


bis (iraphi al ition 2 with data from Table I: 
(Cu should be divalent 


the equilibrium constants varied with the dilution of the serum 
This information serves to verify the relationship of two evanicde 
groups to l copper atom. 

Craifaleanu (7) found that solutions of Octopus vulgaris eyan- 
hemocyanin, which had not been treated with an excess of evanide, 
recovered the blue color the presence ol This 
concluded that cyanhemocyanin was an unstable compound, and 
that ONVEChH gradually replaced the evanide This 
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could not be demonstrated with Limulus hemocyanin. Both 
solutions of cvyanhemoevanin which did not contain an excess of 
KON, and also some in which the reaction had only gone part way 
to completion, were allowed to stand exposed to the air for a period 
of weeks without a measurable change in their color. Similar 
«lutions in whieh the pressure of oxygen was increased showed no 
corresponding merease in the color. The hydrogen ion concen- 
tration of these solutions was estimated to be about pH. At this 
alkalinity HCN is only slightly dissociated. It seemed possible 
that on lowermg the acidity to pH 7, where the HCN would be 
more dissociated, evacuation of the tonometers would draw off 
of the HON gas. Then, inereasing the pressure of 
might bring about a reversal of the reaction. Such experiments 
were setup. The pH was lowered by inhaling CO, into evacuated 


Trance Il 
(‘omit me heme 
of eyann 
per fen? 

Hefore treatment with KON 1 
dialysis 1 12s 


tonometers. The pressure of oxvgen was to 5 atmos- 
pheres. Upon equilibration there was no measurable change in 
color 

\ qualitative demonstration of a reversal of the reaction, how- 
ever, was given bw dialysis of a evanhemoevanin solution contain- 
ing a shaht exeess of evanide. 15 nol. of purified oxyhemoeyanin 
solution contaming OSD mg. of copper were diluted with 20 mil. of 
distilled water and treated with 13.3 mg. of RCN, which was 
slightly nore evanide than was necessary to make the reaction ge 
to completion. The mixture was allowed to equilibrate for 48 
hours, It was then transferred to a collodion membrane and 
shalyzed under reduced pressure for 3 weeks. Dialysis was carried 
out with «istilled water at first and then with 0.001 ~ NaOH. 
Table [TD indicates the progress of the reaction at various intervals, 

In both serum and salt-free solutions an amount of eyanide 
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in excess of 4 equivalents was necessary to replace all of 
the oxygen from the oxyhemocyanin. It was of interest to 
know if all of the eyanide is combined with the hemoeyanin, or 
if some is free in solution. Analyses for free evanide in the 
equilibrium mixture were made by titration with silver nitrate 
(8). The titrations were carried out in a dark room. Light was 
projected vertically through the solutions which were then viewed 
horizontally against a dark background. Owing to the scattering 
of light by protein, the solutions had a shght cloudy appearance 
before any silver nitrate was added. This made it difficult to 
observe the end-point of the KOCN-AgNO) reaction. The analyses 


Ill 


Analyse for ("yan de 


RCN solutions aht'w alkaline 
1.33 mg. KCN-aqueous solution 1.92 
1 
133° KCN + hemoevanin solution contaming 1s 2.10 
me. Cu; titrate immediatels 2 1S 
2.10 
Same; equilibrate 1 dav, then titrate 82 


were, therefore, not very accurate, but there is sufficient accuracy 
to demonstrate that some eyanide is free in the equilibrum 
mixture. 

2 ml. portions of salt-free hemocyanin solution contaming 0.108 
mg. of copper were treated with KCN, but in no ease was the 
KCN in excess. Titrations with AgNO, were made immediately 
after the addition of evanide, and other titrations were made when 
equilibrium was reached. The results are expressed in Table ILL 
They indicate that approximately one-fourth of the evanide intro- 
duced is free in the equilibrium mixture. 

A knowledge of the relative concentrations of oxygen and 
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evanide present at a point in the equilibrium of oxyhemoecyanin 
with cyanide, where the concentration of oxyhemoeyanin equals 
the coneentration of cyanhemoeyanin, should give a value of the 
relative affinity of hemoeyanin for these two substances. This 
method of determining relative affinity has been used by Hender- 
son and Haggard (0). By use of the data from the experiment 
desenbed above and the solubility of oxygen in distilled water, 
it is found that the affinity of salt-free hemoevanin for oxygen is 
approximately 5 times that for eyanide. 


SUMMARY) 


The storchiomet ne aspects of the reaction of KCN with Limulus 
hemocvanin have been studied. It is found that evanide reacts 
with oxvhemocyanin so as to remove the oxygen, forming a rather 
stable evanhemoeyanin. By dialysis, the reaction may be re- 
versed. The reaction expressed graphically gives a sigmoid 
eurve. Appleation of the mass law indicates that the reaction 


take piace is follows: 


RCud, + 4CN = RCu(CN), + O, 


The relative affinity of salt-free hemoevanin for oxygen and 
evanide is approximately five to one respeetively. 


I wish to thank Professor Alfred C. Redfield for the suggestion 
of this problem and for the use of his laboratory and equipment. 
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The liver, beeause of its capacity for storage of foodstuffs, may 
underge great changes in chemical composition. Glycogen, for 
example, may vary from less than 1 to more than 20 per cent (1), 
aml tat may vary from less than 3 to more than 40 per cent (2). 
The liver is actively involved in the intermediate metabolism of 
foodstuffs: it maintains a normal level of blood sugar in the animal 
by alternate release and storage of carbohydrate (3): 1t deaminizes 
amine acids and produces urea, the chief waste produet of nitrogen 
metabolism in the mammal (4); and it plays a definite part in the 
metabolism of fat, although the nature of this participation ts 
controversial 

Because rus occurs in the het only iis inorganic 
phosphate cbse on organic compounds, including carbo- 
hvdrates, proteims, and lipids, the changes of phosphates which 
oceur in an organ so involved in the metabolism of all the major 
foodstuffs as is the liver should be of particular interest. Some 
studies of these phosphate compounds in the hepatie tissue of 
dogs maintained on a variety of different diets have now been 
earned out. Of primary interest to us were the acid-soluble 
phosphates beesuse such compounds in musele tissue have been 
shown by many workers to be of importance in the metabolism of 
carbohydrates. As these acid-soluble phosphate compounds 
constitute only a third of the total quantity of phosphates in the 
liver, direct) determinations of phospholipid phosphorus and 


* Taken from a thesix submitted by Eunice Flock to the Faculty of the 
Graduate School of the Unitersity of Minnesota in partial fulfilment of the 
requiretnents for the degree of Doetor of Philosophy 
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indirect determinations of residual phosphorus were also made. 
Analyses were carried out for glycogen, fat, and water with the 
idea of correlating possible changes in the phosphates with the very 
large changes that can be produced in these constituents of the 
liver. 

The chief variants in these studies were in the dietary conditions, 
which included a normal kennel diet, a standard balanced diet, 
and high protein, high carbohydrate, and high fat diets as well as 
periods of fasting. In a few cases the effect of injecting glucose 
was studied. All animals were fasted for 1S hours prior to removal 
of the liver, unless otherwise stated in the tables. 


Methods 


Dogs were anesthetized with amytal or ether. One or more 
lobes of the liver were quickly removed and dropped into a freezing 
mixture of carbon dioxide ice and aleohol. The time interval 
between induction of anesthesia and removal of the tissue was 
short, no differences in the phosphate compounds as a result of 
differences in anesthesia being noted. 

Preparation of Acid-Soluble Extract This was carried out in the 
cold room, as described by Pollack, Flock, and Bollman in a study 
of phosphate in muscle (5). The frozen tissue was ground in a 
fine meat grinder. Duplicate samples of approximately 10 gm. 
each were weighed and transferred to 250 ec. centrifuge bottles 
which contained a few ounces of solid glass beads. I:nough 5 per 
cent trichloroacetic acid was added to make a final volume of 100 
cc., after allowing for a 75 per cent water content in the tissue. 
The bottles were then put in the shaking machine and the tissue 
was extracted for 15 minutes. The tissue becomes so finely pul- 
verized that a short centrifugation is desirable prior to filtration 
of the extracts by suction. Aliquots were ashed with sulfurie acid 
and superoxol for the determination of the total acid-soluble phos- 
phorus. Large aliquots were used for subsequent fractionation, 

Pre paration of Alcohol-Ether Extract--The residues from the 
acid extraction were washed on suction filters with several portions 
of trichloroacetic acid and were kept there until quite dry. They 
were then returned to the centrifuge bottles. To each were added 
100 cc. of a 3:1 aleohol-ether mixture. 2 hours at room tempera- 
ture were allowed for complete extraction, and during 1 hour of 
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this time the bottles were shaken on the shaking machine. The 
bottles were then centrifuged for a few minutes and the extract 
was decanted. Aliquots were ashed for total phospholipid phos- 
phorus. Lecithin and cephalin are readily soluble in cold mixtures 
of aleohol and ether but sphingomyelin is claimed to be insoluble; 
Frinkel and Lohr (6), however, have shown that this occurs only 
to the extent of 0.03 per cent in hepatic tissue, which in terms of 
phosphorus would be only 1.2 mg. per 100 gm. and would thus be a 
negligible error in our determinations. 

Cold extraction is very easy and convenient to carry out as 
compared with a prolonged hot extraction, and this was a matter of 
first importance as so many analytical procedures were involved 
in these experiments. The advantage of carrying out aleohol- 
ether extraction subsequent to acid extraction lies in the prelimi- 
nary removal of certain acid-soluble phosphates which are also 
aleohol-soluble. Teorell and Norberg (7), since the beginning of 
this work, have reported using preliminary trichloroacetic acid 
extraction prior to hot extraction in the Soxhlet apparatus for 
phospholipid, which they wished to determine by phosphorus 
content. 

Total Phosphorus Samples of liver, 1 or 2 gm., were weighed, 
dried to constant weight at SO° for water content, and ashed with 
fuming nitric acid for total phosphorus content (8). 

Residual Phosphorus This was obtained by difference from the 
sum of the acid-soluble and aleohol-ether-soluble phosphorus and 
the total determined on the fuming nitrie acid ash. Thus the 
actual values are affeeted by experimental errors in three deter- 
minations and must be considered of only relative significance. 
Jorpes (9) has shown that the residual phosphorus is practically 
equivalent to nucleie acid phosphorus. Residual phosphorus 
would, of course, also include the phosphoproteins. 

Fractionation of Acid Extract--The method of fractioning the 
acid-soluble phosphates was essentially the one of barium separa- 
tion described by Eggleton and Eggleton (10) for muscle tissue 
and used in modified form by Pollack, Flock, and Bollman. 
Eggleton and Eggleton stated that they were unable to use it on 
hepatic tissue owing to interference from yellow pigment. In 
using dog livers and taking precautions to freeze the tissue and 
extract it at O° we have encountered no difficulty from this source. 
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There is a yellow tinge to the extract, but at the dilution used no 
more so than in a similar extract of cardiac tissue. The real 
difficulty associated with this fractionation appears whenever the 
glycogen content of the liver is 2.5 per cent or higher; then the acid 
extract is opalescent with glycogen and the usual precipitation 
procedures are ineffective. 

Precautions were taken to keep the extracts cold during frac- 
tionation. This was done by carrying out the process in the cold 
room or by keeping the tubes immersed in ice water. Aliquots of 
40 ec. of the acid extract were partially neutralized with 0.5 ee. of 
saturated sodium hydroxide and were then treated with powdered 
barium oxide until alkaline to phenolphthalein. 10 minutes were 
allowed for settling of the precipitates before centrifugation and 
decanting of the clear supernatant liquid into a 50 ce. volumetric 
flask. Each precipitate was dissolved with 2 ce. of 5 per cent 
trichloroacetic acid and 3 ec. of water and then reprecipitated by 
neutralization with barium oxide. After centrifugation the 
supernatant liquid was added to that previously obtained. Dis- 
tilled water was added to make a total volume of 50 ec. This 
fraction will be subsequently referred to as Fraction A or the 
barium-soluble phosphates. 

The phosphates precipitated by the barium treatment were 
dissolved with a few drops of S N hydrochlone acid and water, 
transferred to a 50 ce. volumetric flask, and made up to volume 
with water. This fraction will be referred to as Fraction B or the 
barium-insoluble phosphates. 

When the trichloroacetic acid extract was opalescent) with 
glycogen, a modification of this fractionation had to be used. 
Glycogen holds more or less of the barium-insoluble phosphates in 
colloidal suspension, and thus must be removed before any frac- 
tionation is possible. This may be done by adsorption on mercuric 
sulfide, as desernibed by NKerly and Ronzom (11) for muscle ex- 
tracts. More recently, Bott and Wilson (12) have used a similar 
procedure for removal of glycogen from liver extracts used for 
lactic acid analyses. To imsure flocculation of the mercuric 
sulfide they heated their extracts. Because of the lalnlity of at 
least one of the phosphate compounds, heating could not be used 
in our experiments. In our early experiments a solution of 15 per 
cent mereunic chloride in 0.5 N hvydrochlone acid was added in 
small portions to the extract, which was then subjected to a 
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continuous stream of hydrogen sulfide until mereurie sulfide was 
coagulated. In later experiments finely powdered mercuric 
chloride was added directly to the extract, which was thoroughly 
shaken during treatment with hydrogen sulfide. The salt was 
added in small quantities until adsorption of the glycogen was 
completed. If during filtration the apparently well floeculated 
mereuric sulfide suddenly changed over to the colloidal state, it 
was necessary to add mereurie chloride until complete precipita- 
tion again occurred, when the sulfide could be readily removed by 
centrifugation and filtration. The exeess hydrogen sulfide was 
removed by acration and the extract was fractionated with barium 
oxide as just deseribed. The extracts were kept at 0° throughout 
this process for the removal of glycogen. When this procedure is 
used with eare, no loss in phosphate compounds ts encountered. 

The final analyses of the various phosphate compounds were 
earried out by the method of Fiske and Subbarow (13). This 
method could be used directly for the inorganic phosphate; for the 
organic compounds a preliminary conversion to the inorganic form 
was made either by acid hydrolysis or ashing. As mentioned 
before, for ashing the whole tissue fuming nitric acid was used; for 
ashing the various extracts or fractions thereof sulfurie acid and 
superoxol were used. When the final reagents were added for the 
phosphate determinations, allowance was made for the sulfuric 
acid used in hydrolysis or ashing so that the final concentration of 
reagents was that deseribed by Fiske and Subbarow. 

Fraction B owas analyzed for inorganic phosphate, phosphate 
hydrolyzable in 15 minutes, and total barium-insoluble phosphate. 
In addition, in some of the experiments aliquots were hydrolyzed 
for periods of 1, 2, and 4 hours. In all hydrolyses 3 ce. of the 
solution and 3 ec. of 2.N sulfune acid were combined and heated at 
100° for the specified time and then cooled in ice water. The 
amount of inorganic phosphate thus hydrolyzed was measured. 
Precautions were taken to keep the fraction cold prior to hydrol- 
ysis. The phosphate hydrolyzable in 15 minutes found in this 
fraction in musele is adenosine triphosphate. That the liver 
nucleotide must be similar to that from muscle was suggested by 
our preliminary studies, in which we obtained a positive Bial’s 
test for pentose in this fraction and isolated adenine as the pierate 
following acid hydrolysis. 

Fraction A was analyzed for labile, aleohol-insoluble, and total 
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barium-soluble phosphates. In muscle tissue the very labile 
phosphocreatine occurs in this fraction. The test for phospho- 
creatine, the production of inorganic phosphate on standing with 
the molybdate reagent for 30 minutes at room temperature, was 
always negative in the liver. Occasionally false positives were 
obtained when the glycogen content was around 2 or 2.5 per cent. 
In such cases the extract may not appear quite opalescent enough 
to require mercuric sulfide treatment and yet there may be suffi- 
cient to hold up a small amount of the inorganic phosphate, which 
might be mistaken for a labile phosphate compound were it not for 
the fact that the sum of the inorganic phosphates obtained in 
Fractions A and B always equalled the total inorganic phosphate 
of the original extract. Whenever the effect of glycogen was 
eliminated, a clean separation was obtained and the test for labile 
phosphates in Fraction A was completely negative. The oecur- 
rence of phosphocreatine in rabbit liver reported by Takahisa (14), 
may possibly be explained on the basis of non-removal of glycogen. 

To obtain the aleohol-insoluble phosphate an aliquot of 24 ce. 
of Fraction A was precipitated with 120 ec. of ammoniacal alcohol, 
was allowed to stand overnight in the ice box, and was then cen- 
trifuged. The precipitate was dissolved with a few drops of 8 x 
hydrochloric acid and water, the barium was removed with 
sulfuric acid, and the volume was made up to 15 ce. 3 ee. were 
then ashed for phosphate content. Cori and Cort (15) used such a 
procedure for the determination of hexosemonophosphate in 
muscle following a preliminary breakdown of phosphocreatine. 
Whether or not hexosemonophosphate occurs in liver is not known. 
That the substance precipitated in this manner in liver is largely 
a-glycerophosphoric acid is very probable. Fiske and = Sub- 
barow have isolated this as the calcium salt by precipitation of 
liver extracts with calcium chloride and caleitum hydroxide and 
alcohol added to make a final concentration of 80 per cent. They 
found that glycerophosphoric acid constituted about a third of the 
acid-soluble phosphates. Our procedure for its quantitative 
estimation was very similar to their method of tsolation, and in our 
normal animals it occurred in a similar proportion of the total. 
The qualitative tests which they used for its detection, such as the 
production of acrolein upon heating with potassium acid sulfate 
and the positive Denigés reaction with phenols (16), were positive 
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with our precipitate. The barium-alcohol-soluble phosphate was 
obtained by difference from the value for the alcohol-insoluble and 
total phosphate of Fraction A. This compound has not been 
identified. Booth (17) has recently reported that there is definite 
evidence for a very soluble choline ester in liver like the one which 
he has isolated from the kidney; it contains phosphoric acid and 
what appears to be sphingosine. How it compares with our 
compound remains to be shown. In some experiments aliquots of 
Fraction A were hydrolyzed for 15 minutes, and for 1, 2, and 4 
hours, as described for Fraction B. 

Similar hydrolyses have also been carried out on the original 
acid extract. All the values given in Tables I to VI for the phos- 
phate analyses of the extracts are averages of the determinations 
made on aliquots from the two original samples of tissue used for 
extraction. All values are expressed in terms of mg. of phosphorus 
per 100 gm. of moist tissue. Analyses for glycogen, water, and 
total phosphorus were made on duplicate samples of tissue and the 
averages are used in Tables I to VI, glycogen being expressed in 
terms of glucose. 

Fatty Acid Determination—-5 gm. of normal hepatic tissue or 2 to 
3 gm. of grossly fatty hepatic tissue were weighed and analyzed 
according to a modification of Kumagawa and Suto’s method (18). 
The tissue was digested for 2 hours on the steam bath with 40 ee. 
of 25 per cent potassium hydroxide and 10 ec. of ethyl alcohol. 
After cooling and strong acidification with hydrochloric acid, the 
fatty acids were extracted with several portions of ethyl ether. 
This was then evaporated, and the residue was allowed to stand 
for several hours in contact with petroleum ether for complete 
extraction of the fatty acids. The extract was filtered, the 
petroleum ether was evaporated, and the fatty acids were then 
weighed. 


Results 


Values for total phosphates in the livers of normal dogs main- 
tained on the regular kennel diet were found to vary from 241 to 
318 mg. per 100 gm. of moist tissue (Table I). In selected normal 
dogs on the standard balanced diet the range was smaller, varying 
usually from about 226 to 270 mg. (Table 11). In dogs main- 
tained on the high fat diet for 20 days or longer these values were 
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reduced to 141 and 211 mg. respectively (Table LV). 
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Thus there 


is a very definite relationship between the diet and the total 


phosphates in the liver. 


There are very few values for total 


phosphates in the livers of normal dogs to be found in the literature. 
Reed and his coworkers (19) in 1933 reported values for thirteen 
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phosphates in the livers of nineteen patients and found an average 
of 241 mg., the range being between 167 and 305 mg. 
Phosphates in the liver are divided rather evenly into three 
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groups: acid-soluble, phospholipids, and residual phosphates, 
chiefly nucleic acid. This is in marked contrast to musele, in 
which about two-thirds of the total is made up of acid-soluble 


Il 
Phosphates on Livers of Normal Dogs on Standard Mired Diet* 
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* Standard mixed diet: a daily weighed quantity of a mixture of 44 per 
cent meat, 44 per cent cracker meal, S per cent lard, 4 per cent bone ash, 
and a small quantity of tomatoes. Specimens of liver were obtained 18 
hours after feeding, except in the eases of the last three dogs, when they 
were taken 24 hours after feeding. 


phosphates. Very few studies have been carried out previously 
on the distribution of acid-soluble phosphates in the liver. In 
1925 Cort and Goltz (21) studied the effect of insulin on inorganic 
phosphate and that split off by incubation with sodium bicarbon- 
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ate. They found a slight but distinct increase in inorganic 
phosphate, but no evidence of a glucosephosphate compound. 
Kay (22) also has made studies of the phosphates in liver, deter- 
mining inorganic and total acid-soluble phosphates and obtaining 
the phosphoric ester content by difference. He found, in rats, 
that the acid-soluble organic phosphate slowly increases with 
Increasing weight, and possibly also with increasing age. He 
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Fic. 1. The rate of hydrolysis of the acid-soluble phosphates of liver 
with normal sulfuric acid at 100°. The solid line represents inorganic 
phosphate split off; dotted line, organic phosphate not hydrolyzed in 
4 hours. 


found this fraction to diminish somewhat below normal in animals 
on a rachitogenic diet and to be increased back toward normal 
when antirachitic agents were added to the otherwise rachitogenic 
diets. In eases in which osteoporosis was produced in rats by a 
low calcium, high phosphorus diet, the phosphorus ester content 
of hepatic tissue was also diminished (23). 

The searcity of studies on the acid-soluble phosphates of liver 
is in marked contrast to the number which have been made on 
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muscle tissue, particularly during the last 10 years. These latter 
have yielded many interesting and important facts concerning the 
role phosphates play not only in the contraction of muscles, but 
also in the metabolism of carbohydrates. When one considers 
that as much glycogen can be stored in the liver alone as in the 
entire musculature, and that this quantity can show sudden and 
large increases and decreases, it seems that studies of the phos- 
phates in hepatic tissue should also be worth while. 

Our studies have included fractionation of acid-soluble phos- 
phates as extensive as that previously employed for muscle tissue. 
The range of values for these fractions in normal dogs has been 
established (Tables Land II). As has been indicated, this range of 
values is fairly wide in the case of unselected dogs kept on the 
regular kennel diet, but, if selected dogs in excellent condition 
maintained on the standard balanced diet are used, the values are 
found to be very closely alike. 

Iexperiments in hydrolysis have shown the presence of a com- 
pound in Fraction B sufficiently labile to yield inorganic phosphate 
on boiling for 15 minutes with normal acid, and other organic 
compounds which undergo practically complete hydrolysis of 
phosphate in an hour’s time. On the other hand in Fraction A, 
beth glycerophosphate and Compound X are very resistant to 
acid hydrolysis. While a few mg. of phosphate are split off in 15 
minutes from them, only a minor part of the total phosphate is 
split off in 4 hours time. A much higher percentage of the acid- 
soluble phosphate compounds of the liver is relatively stable to 
acid hydrolysis than is true of musele (Fig. 1). 

Studies on administration of glucose yielded no evidence for a 
glucosephosphate compound during active synthesis of glycogen; 
nor has the formation of such a compound ever been directly 
demonstrated in the muscle of an intact animal during this process. 
That in the case of either or both tissues this is the result of a lack 
of sensitivity of analytical procedures is probable. The formation 
of such a compound appears to be the most logical explanation of 
the well established fact that both blood and urine show a marked 
decrease in inorganic phosphates during utilization of glucose. 

The acid-soluble phosphates of liver are quite constant in 
amount and are not shifted easily by diet. The percentage com- 
position is within the normal range for those dogs maintained on 
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the regular diet, the standard diet, and on the high protein, high 
carbohydrate, or even the high fat diet, if this last is given for less 
than 3 weeks, as well as for those dogs which have been fasted for 
periods upto 21 days (Table IIL). In the cases of two of the fasted 
dogs, in which the water was somewhat reduced, the acid-soluble 
phosphates were slightly below normal. 

There are conditions, on the other hand, which will produce 
drastic changes in these phosphates. The simple administration 
of a high fat diet for 3 weeks or longer will do it (Table IV). The 
acid-soluble phosphates may decrease to half their normal value. 
This change is accompanied by big decreases in glycogen and water 
and a big increase in fat. All fractions of the acid-soluble phos- 
phates participated in this deerease. The average value for 
inorgamie phosphate in the group was about 60 per cent of the 
normal; the average values for both glveerophosphate and nucleo- 
tide phosphate were 50 per cent of normal, whereas those for the 
unknown bartum-aleohol-soluble compound were about 35> per 
cent of the normal. 

By taking specimens of liver by biopsy it has been possible to 
follow the phosphates in the liver of the same animal before and 
after changes in diet. Thus the rate at which the values for phos- 
phates return to normal when a dog is shifted from a high fat diet 
back to a carbohwdrate or standard diet has been studied (Table 
\). Restoration of normal values is much more rapid and much 
more easily obtained in such eases than is the production of low 
values when the tat diet is employed. The glycerophosphate and 
the unknown compound of Fraction A are the most rapidly re- 
stored. The water content increases, as does also the glycogen, 
and the fatty decrease, Distinet changes have been found in 
$ days in spite ot the lack of appetite following operation; a com- 
plete return to normal was found in from S to 10 days. It would 
appear that the acid-soluble phosphates, particularly a-glyeero- 
phosphate and Compound N, are at least indireetly involved im 
carbohydrate metabolism. They decrease slowly with pro- 
nounced decrease in carbohydrate metabolism and increase rapidly 
when a carbohwdrate diet is restored. 

Another relationship of e-glhyeerophosphate to carbohydrate 
tnetabelistn is shown in the recent work of Cor and Shine (24). 
They found that the addition of this compound caused a greater 
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increase in fermentable carbohydrate during a 3 hour incubation 
of hepatic tissue in oxygenated biecarbonate-Ringer’s solution than 
that which occurred without the added substrate. 

Of importance are the experiments in which specimens of liver 
were obtained at different times hy biopsy of mdividual animals 


Biopes Sladu Dogs oualy Va nila nea Standa if 


Phoephorus. me per em. hepatu 

2 

IS Standard S241 S340 TSM SI OU 4 26 
ST GAS PI AB S 68 VAR 25S 

* 52256 949210059 743.716 O32 6146 918 04 4471 4 

THAW 2 TS 844 WAS 23 
batt 12 267 99053. 3423 533.417.1 5 43 
24 Standard 2348078 320 7 2 OI 22 
Fatt S AB OMA SOM SSA 4A 4A 

61 Standard IS223 7734 G232 42% 4 4037 817.09 TAU 75 DH) 21 
katt 12328280 G14) SOW 75 172 3 41 
2 Standard 21 MOS2M FAM 2? 6 2S 
Fatt 2345060) SF OO 922 63728 49% 
17 Standard SIA 8 238 T8758 23 


* Received 10 gm. of glveine daily in addition to the standard diet 
at diet consisted of 10 « larel dl of the basal standard 
diet per kilo per das 


maintained continuously in excellent condition on the standard 
diet (Table VI). Whether the intervals between biopsies were 
2 weeks or 6 weeks, practically identical values for phosphate were 
obtained. This demonstrates the constaney im the chemical 
COM position of the livers of normal animals on a constant chet 
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and also serves as a cheek on the reliability of the experimental 
data. ‘This uniformity of composition is also apparent in the cases 
of the four dogs given the fat diet for 10 to 15 days, when the fatty 
acid content had not vet exeeeded 5 per cent. In the case of Dog 
17 whieh had 15 per cent fatty acids after this same interval, there 
was a stall but distinet decrease in the acid-soluble phosphates, 
but this was readily restored to normal when the animal was again 
given the standard diet. It is apparent that fatty livers do not 
develop in different dogs at the same rate. This experiment 
suggests also that the decrease in phosphates associated with fatty 
livers is a gradual process and not one associated merely with the 
most extreme cases of fat deposition. 

\lany studies have been reported in the literature concerning 
the occurrence of, and changes in, phospholipids of hepatic tissue. 
As is shown in recent reviews by Sinclair (25), Bloor (26), Artom 
(27), and others, this is still a very controversial field. This is in 
part due to deficiencies in the analytical procedures used for the 
determination of phospholipids, and in part due to the inherent 
difficulty in interpreting changes in the percentage content of 
substances in a tissue which ean fluetuate in size as much as the 
liverean. Its inerease in size when it becomes very fatty is shown 
by comparisons of the ratio of liver weight to body weight. Thus 
in six dogs with fatty livers these ratios were between 4.15 and 7.50, 
whereas in eighteen dogs with normal livers, they varied from 1.8 
to 3.3. Kaplan and Chaikoff (28) reported ratios in normal dogs 
from 1.9 to 2.8 per cent, and in depanereatized dogs with very fatty 
livers from 7.2 to LOS per eent. Higgins, Berkson, and Flock 
(29) have also shown that, in rats, the liver may show a 20 to 25 
per cent increase in weight within 6 hours after a meal with sub- 
sequent return to normal size. 

The phospholipid content of the livers of normal dogs on the 
regular kennel diet was found to vary from 77 to 122 mg., and in 
selected normal dogs on the standard diet from 76 to SS mg. per 
100 gm. of moist tissue. In fifteen dogs, some of which were 
maintained on a high protein diet, a high carbohydrate, or a high 
fat diet for 22 days or less, or which were fasted up to 21 days after 
being previously on the regular kennel diet or else fasted for 12 
days, after being on the high fat diet for 12 days, the range of 
phospholipid of from S83 to 113 mg. was well within the normal 
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range. In the cases of the twelve dogs kept on the high fat diet 
until the fatty acids of the liver were between 23.4 to 52.2 per cent 
the phospholipids showed a definite decrease. However, the 
decrease was less than that which occurred simultaneously in the 
acid-soluble phosphates. Phospholipids do diminish in percentage 
composition in extremely fatty livers, but they do not decrease as 
much as the acid-soluble phosphates and they do not increase from 
their low level as rapidly as do the acid-soluble phosphates when 
the high fat diet is changed to a high carbohydrate or standard 
diet. 

It is interesting to compare the quantity of phospholipid found 
with the quantity of fat. In normal livers these two substances 
occur in practically equivalent quantities. However, fat can be 
increased up to 16 times the normal quantity and in no case 
is this accompanied by a simultaneous increase in) phospholipid. 
On the contrary, a decrease occurs. If the suggestion were true 
that one function of the liver in the utilization of fat was the 
formation of phospholipids from fat, we might expect an inerease 
in phospholipids when the liver is supplied so abundantly with fat. 
Artom (30) more recent ly claims to ha positive hence Concern. 
ing the formation of phospholipids in the liver. By feeding to dogs 
large quantities of horse fat, up to 30 gm. per kilo at a single meal, 
he found a 30 per cent increase in phospholipid in 5 hours, with a 
return to normal by the 10th hour. Our experiments differ from 
his in that livers were removed IS hours after the dogs were fed. 
However, Artom’s increase seems related to a temporary plethora 
of fat, and it is difficult to see why a continual plethora would not 
produce a similar result. With the exeeption of the extremely 
fatty livers in which phospholipids are decreased, we have found 
them to be remarkably constant regardless of the dietary condition 
of the animal, as did Maver and Schaeffer (31) in 1913 

There is no need for detailed consideration of the third division 
of liver phosphates, the residual phosphates, which are comprised 
chiefly of nucleic acids. These values are obtained by difference 
and are subject to the experimental errors involved in three differ- 
ent determinations. It is apparent, however, that they do roughly 
parallel the acid-soluble phosphates and phospholipids in quantity 
in the normal dogs and that they do show a distinct decrease in the 
extremely fatty livers. 
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In considering the decreases which we have found in phosphates 
in extremely fatty livers, it is obvious that some of the decrease in 
percentage composition can be explained merely as the result of a 
dilution of hepatic tissue with fat. That this cannot explain 
entirely the deerease in acid-soluble phosphates is obvious, be- 
cause they decrease more than do, for instance, the phospholipids. 
If the data are ealeulated in terms of dry tissue, large decreases are 
found in all the three major divisions of phosphates in the fatty 
livers as compared with the normal. This is beeause the water 
content in the fatty livers has been so markedly reduced, having 
been replaced by the fat. Histologic sections indicate that the 
increased fat has not become an integrated part of the cells but 
exists as distinet globules within them. ‘Therefore it was con- 
sidered desirable to caleulate the data not merely on a dry basis, 
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but on a drv fat-free basix, As ghveogen is the third big variable, 
changing from as high as S per cent in normal livers to as low as 
O=.10 per cent m extremely fatty livers, it has been grouped with 
the fat and water. Part of the data from Tables I, IL, and IV has 
7 gl te, Water-, and fat-free (Table 
Vil). The average value of 3 per cent for fatty acids has been 
used in Table I, as determinations of fatty acid were not made 
when the data were collected. Om this basis also the total phos- 
phates are found to be distinetly lower in the extremely fatty livers. 
This deerease is found in the three maim divisions but is much 
greater it the aetd-soluble fraction 


Procedures have been developed for the fractionation of the 
total ties ot hepatic tissue into the three main divisions: 


i 
| 
| i 
i 


198 Effect of Diet on Liver Phosphate 


the acid-soluble, the phospholipid, and the residual phosphates, 
The procedure previously used for the fractionation of acid-soluble 
phosphates in skeletal muscle, based largely on the different solu- 
bilities of the barium salts of these compounds, has been modified 
for use with hepatic tissue. 

Values have been determined for these phosphate compounds in 
fifteen normal dogs maintained on the regular kennel diet and in 
seventeen selected normal dogs maintained on the standard diet. 
The values for acid-soluble phosphates were similar in these two 
groups, but there was a narrower spread of values in the latter 
group where both the condition of the animal and the diet used 
were more constant. 

High protein, high carbohydrate, and high fat diets, and even 
fasting, did not shift the phosphates in the liver outside the normal 
range in these fifteen dogs. Marked decreases did occur, however, 
with the high fat diet if it was continued long enough to produce 
extremely fatty livers. In twelve dogs in which this occurred, 
each type of phosphate compound decreased, but the greatest 
decrease was in the acid-soluble phosphates and the smallest was 
in the phospholipids. Of the acid-soluble phosphates, the glycero- 
phosphoric acid and the extremely soluble unknown phosphate 
showed the biggest decrease. 

The effect of shift in diet was best studied by means of biopsy 
of the livers of individual animals taken at different times. If 
the diet was not changed, the chemical composition of the liver 
remained remarkably constant; if the diet was shifted from one 
high in fat to one made up of carbohydrates the normal composi- 
tion was rapidly restored. When the diet was shifted from the 
standard to a fat diet, livers of different dogs did not become fatty 
at the same rate. Even if the increase in fat was not extreme, 
however, small but definite decreases in acid-soluble phosphates 
did occur. 
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EFFECT OF CERTAIN SUBSTANCES ON THE PHOS- 
PHATE COMPOUNDS IN THE LIVER OF THE DOG 
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That the values for different phosphate compounds in the liver 
of the dog are not readily shifted outside the normal range by 
dietary procedures has recently been shown by us (1). Only 
when a high fat diet was given for 3 weeks or longer, an interval 
sufficient for the production of an extremely fatty liver, were the 
phosphates decreased to decidedly abnormal values. The present 
studies were carried out to determine the effeets of certain sub- 
stances on the phosphates in the liver. Epinephrine, thyroxine, 
phiorhizin, and carbon tetrachloride, all of which affect such 
constituents of the liver as glycogen and fat, were studied. The 
effeet of a lack of insulin on the phosphates in the livers of depan- 
ereatized dogs was also studied. A detailed deseription of the 
analytical procedures used as well as the values for phosphates in 
the livers of normal dogs are given in the preceding paper (1). 


EXPERIMENTAL 


Three dogs were given injections of epinephrine (Table I). This 
substance produces a breakdown in glycogen in both musele and 
liver, and in musele tissue this is accompamed by an increase in 
hexosemonophosphate (2). Specimens of liver were obtained by 
biopsy before and after injection. Amytal was used as the 
anesthetic. 

Dog 1, which had been fasted for 5 days, was given epinephrine 
by intravenous Injection at the rate of 0.05 mg. per kilo of body 
weight per hour for | hour and 15 minutes. A specimen of liver 
was taken before and after the injection, and also after a 4 hour 
recovery period. Dog 2, which had been given an injection of 
17.3 gm. of glucose 45 minutes previously, was given 0.25 mg. of 
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epinephrine intravenously over a period of 20 minutes. In this 
‘ase, also, specimens were taken before and after the injection, but 
also after a period of recovery of 4) hours. In both these cases 
epinephrine produced a decrease in glycogen, but this was not 
followed by the expected increase during the period of recovery, 
Because this might have been indicative of an unsatisfactory 
physiologic condition, the control biopsy was omitted in the next 
experiment. Dog 3 received an imjection of 0.25 mg. of epi- 
nephrine and biopsy was made 45 minutes and 5 hours later. 
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There was an increase in glycogen during the period of recovery; 
however, there was no striking or consistent shift in any of the 
acid-soluble phosphates or in the phospholipids during the break- 
down or subsequent increase of hepatic glycogen caused by the 
Injection of epinephrine. 

Four dogs (Nos. 4 to 7, inclusive, Table IL) were given thyroxine 
subcutaneously for from 4 to 7 days, during which time they lost 
from 7.5 to 11.5 per cent of their weight. In the livers of Dogs 4, 
5, and 6, which were maintained on the standard dict, the glycogen, 
water, and fatty acids were normal as were also the various phos- 
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phates. Only in the dog which received the high fat diet (Dog 7) 
before and during the experiment were the glycogen and water 
below normal. The acid-soluble phosphates in the case of this 
dog (No. 7) were the lowest of the group; however, this dog had 
received the high fat diet of 2 gm. of meat and 6 gm. of lard per 
kilo per day for a month, and the dict itself could account for these 
changes. In all of these four dogs the phospholipids were normal, 
Mild thyrotoxicosis of short duration appears, therefore, to have 
no specific effect on the phosphates in the liver.  Sehmadt (3) has 
reported that, in rabbits, the injection of thyroxine over a period 
of 10 days produced a decrease in the phospholipids in the liver. 

Five dogs (Nos. 8 to 12, inclusive, Table IL) received daily sub- 
cutaneous injections of 1 gm. of phlorhizin in oil. Dogs 8S and 9, 
which were fed the standard diet, were given three injections and 
lost O and 6.5 per cent of their weight, respectively. The values 
for glycogen of 0.2 and 0.3 per cent were decidedly low, but the 
fatty acids at 4 per cent were only slightly above normal. The 
values for water were normal as were also those for phosphates, 
Dogs 10 and 11, which were fed a high fat diet of 3 gm. of meat and 
10 gm. of lard per kilo per day throughout the experiment, were 
given four and six injections, and lost IS.4 and 14.7 per cent of their 
weight, respectively. The values for glycogen were extremely low, 
the fatty acids were elevated to approximately 16 and 24 per cent, 
respectively, and the water contents were reduced to 67 and 54 per 
cent, respectively. The phospholipids were normal; the values for 
acid-soluble phosphate were the same as some of the low normals 
and were therefore inconclusive. Dog 12, which was given a high 
fat diet containing 2 gm. of meat and 6 gm. of lard per kilo for 10 
days before and during the 3 day experiment, was given only two 
injections of phlorhizin. The value for glycogen was very low, 
and the water content was 49 per cent. The fatty acids, which 
were not determined, would oby lousy have been very highs. The 
phospholipids were normal, but both the acid-soluble ane residual 
phosphates were markedly reduced. That this was really a 
cumulative effect and not just the effeet of the fat diet is suggested 
by the fact that never were such low values obtained when the fat 
diet was administered for only 2 weeks. 3 and 4 weeks administra- 
tion of such a diet would be necessary to produce such decreases 
in the phosphates. 
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Four dogs (Nos. 13 to 16, inclusive, Table Il) were subjected 
to anesthesia with carbon tetrachloride vapor for 1 hour on 4 
consecutive days. The values for water content were normal and 
the fatty acids were increased to froin 5 to 15 per cent, but the ratio 
of the weight of the liver to the weight of the body was well within 
the normal range. The total phosphates in three cases were 
somewhat low, but this was not refleeted in the acid-soluble phos- 
phates. In general it might be said that no definite early changes 
in the phosphates were produced by the administration of earbon 
tetrachloride. The results of longer administration of this drug 
have not been studied. 

Five dogs (Nos. 17 to 21, inelusive, Table IL) were depanerea- 
tized and then maintained with insulin until recovery from the 
operation Was complete. The administration of insulin was then 
discontinued and the animals were killed 4 to 6 days later. Again 
the changes in phosphates seemed to follow the variations in the 
values for water and fatty acids. The water content decreased 
and the fatty acids increased during these intervals, but unless 
these changes were very large they were not accompanied by defi- 
nite changes in the phosphates. 

While the number of dogs used in these various experiments was 
not large, there appears to be no specific early effeet on the phos- 
phates in the liver produced by administration of the various 
substances studied. The relationship between the phosphates 
and the water and fat content of the liver is in agreement with the 
results obtaimed in a much larger series of animals used in the 
studies on the effeets of different diets. 


SUMMARY 


Epinephrine produces no marked change in the acid-soluble 
phosphates in the liver of the dog, although it does produce an 
Inerease in the hexosemonophosphate of muscle. 

Thyroxine, phlorhizin, and carbon tetrachloride, administered 
to dogs over intervals of a few days, did not produce extremely 
fatty livers or low values for phosphates unless used in conjunction 
with a fatty diet. In these dogs, as well as in the depancreatized 
dogs deprived of insulin, only when the liver became extremely 
fatty were the values for phosphates reduced below the normal 
range. 
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EFFECT OF AUTOLYSIS ON THE PHOSPHATE COM- 
POUNDS IN THE LIVER OF THE DOG 


By EUNICE FLOCK 


(From the Division of Experimental Medicine, The Mayo Foundation, 
Rochester, Minnesota) 


(Received for publication, April 23, 1936) 


To determine the relative lability of the phosphate compounds 
of the liver to enzymatic action a study has been made of the effect 
of autolysis on the liver of the dog. Sevringhaus (1) in 1923 
demonstrated that inorganie phosphoric acid increases during 
autolysis of the livers of dogs and that this accounts for most of the 
postmortem acidity in hepatie brei. Rona and his coworkers (2) 
also found that phosphorie acid and not lactic acid plays a major 
part in this acidity. They thought the origin of this must be 
nuclein and phosphatides. More recently, Teorell and Norberg 
(3) studied the effeets of autolysis on cat liver for periods ranging 
from 3 hours to several hundred hours at temperatures of from 
24. They found that inorganie phosphate increased with 
diminishing speed chiefly at the expense of the other acid-soluble 
phosphates, and also, to a smaller extent, at the expense of the 
lipids. Their data show that the last named was a source of 
inorganic phosphate only when autolysis was allowed to continue 
for 20 hours or longer. 

The present work was carried out for the purpose of securing 
more information concerning the nature of the early autolytie 
changes. 

EXPERIMENTAL 


Normal dogs which had been maintained on the regular kennel 
diet of dog biscuits and mash were fasted for 24 or 48 hours. The 
livers were removed after the animals were anesthetized with amy- 
tal. Part of the liver was frozen immediately with a mixture of 
earbon dioxide ice and aleohol; the remainder was placed intact 
in a dish covered with a moist towel. After definite intervals 
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ranging from 5 minutes to 4 hours, and at room temperature, 
additional samples were removed and frozen to prevent further 
autolytic changes. 

The frozen tissue was ground, weighed, extracted, and then 
analyzed by methods previously desenbed (4). Determinations 
were made of total phosphates, water, and glycogen. The phos- 
phates were studied by the usual methods of fractionation and 
hydrolysis, the results all being recorded in terms of phosphorus. 


Results 


Nine livers were autolyzed for 4 hours (Table I). Inorganic 
phosphate showed a large inerease in all cases, most of this coming 
from the breakdown of the acid-soluble phosphates. The phos- 
phate hydrolyzable in 15 minutes or the lnbile nucleotide phosphate 
disappeared. Very little of any of the organic phosphates was 
left in Fraction B, whieh is made up of the bartum-insoluble 
compounds. In contrast to this was Fraction A, contaiming the 
barium-soluble compounds, in whieh there was a breakdown of 
only 15 to 25 per cent of the phosphates during the 4 hours. Thus 
this latter fraction was more resistant to autolysis, Just as it was 
also more resistant to acid hydrolysis. When the original level of 
glycogen was 2.8 per cent or lower, it decreased from 44 to 73 per 
cent; when the level of glycogen was above 5 per cent at the 
beginning, it decreased only from 6 to 34 per cent. There were no 
significant changes in the water content. 

In <ix of these studies samples of liver were taken at intermediate 
intervals of time. These showed that the initial increase in in- 
organic phosphate was rapid. 15 minutes of autolysis are suffi- 
cient to produce an increase of 10 mg., which comes from the 
breakdown of the labile nucleotide. In one case a specimen was 
taken just 5 minutes after removal of the liver, but neither the 
inorganic phosphate nor glycogen was changed during this short 
period of time. Following the breakdown of nucleotide, during 
the Ist hour of autolysis there was a subsequent imerease in in- 
organic phosphate, at a diminished rate at the expense of the more 
stable esters. A further but still slower increase occurred during 
the next 3 hours, and this was due to the continued breakdown of 
these stable esters and in a few eases to the breakdown of the 
residual or nucleic acid fraction which is obtained by difference 
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from the sum of the acid-soluble and phospholipid phosphorus 
and the total. There was no decrease in the phospholipids, 


SUMMARY 


Autolysis of hepatic tissue at room temperature for 15 minutes 
produces almost complete breakdown of the phosphate hydro- 
lyzable in 15 minutes from the labile nucleotide to inorganic phos- 
phate. During 4 hours of autolysis there is a further but slower 
increase in inorganic phosphate which is due to the breakdown of 
the more stable acid-soluble esters. Occasionally there is a further 
increase as a result of the breakdown of the residual or nucleic acid 
fraction. 
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BLOOD PHOSPHOLIPID AS A TRANSPORT MECHANISM 


By ROBERT GORDON SINCLAIR 


(From the Department of Biochemistry and Pharmacology, School of Medicine 
and Dentistry, The University of Rochester, Rochester, New York) 


(Received for publication, June 2, 1936) 


The belief that phospholipid is transported in the blood from 
the liver where it is formed to the other tissues of the body where 
it is burned has been almost universally accepted for nearly half 
a century. Nevertheless, the evidence upon which that idea is 
based is by no means decisive and, in a number of cases, is equally 
open to a different interpretation. In a review of the physiology 
of the phospholipids (1), this evidence was fairly completely dis- 
cussed and therefore need not be cited here, except in so far as it 
has a direct bearing on the findings reported in this paper. 

If all or even a significant portion of the fatty acids which are 
burned by an animal during fasting or on a high fat diet are 
transported in the blood in the form of phospholipid, then blood 
phospholipid must be undergoing a rather rapid turnover. This 
follows from the fact that the amount of fatty acid burned per 
day may be 50 to 75 times as great as the amount present at any 
time in the form of phospholipid in the blood stream. The meas- 
urement of the rate of turnover ought therefore to yield direct 
evidence as to whether or not blood phospholipid does actually 
serve as a mechanism for transporting fatty acids to the tissues 
where they are burned. Moreover, a comparison of the rates of 
turnover of the phospholipids in the plasma and the red blood 
cells ought to settle the still disputed point as to their relative 
participation in fatty acid transport. 

Theoretically, it is possible to measure the rate of uptake of 
blood phospholipid by the metabolizing tissues by determining 
the concentration in the blood entering and leaving the organ 
and the rate of blood flow. Although it has been used with suc- 
cess by Nedswedsky and Alexandry (2) and recently by Boyd and 
Wilson (3), the method is subject to many complicating factors. 
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An independent and, in many respects, a more decisive method 
is to feed fatty acids which are permanently labeled in some way 
and to determine the rate at which these labeled fatty acids appear 
in the phospholipids. The difficulty has been in finding a suit- 
able way of labeling the fatty acids. In 1929 some experiments 
were reported before the Thirteenth International Physiological 
Congress (4) which showed very definitely that the feeding of 
cod liver oil to dogs caused the average iodine number of the 
fatty acids of the plasma phospholipids to increase from 105 to 
124 within 6 or S hours. There was no change whatsoever in 
the iodine number of the phospholipid fatty acids of the red blood 
cells, Further study of the effeet of food fat on the degree of 
unsaturation of tissue phospholipids showed, however, that a 
rapid increase in todine number could not be taken as a sign of 
a rapid turnover in the sense that the phospholipids were acting 
as Intermediaries in fat metabolism. Accordingly, with Mr. 
Clair Smith, an extensive study was made of the comparative 
rates of increase and decrease of the iodine number of the plasma 
phospholipids of dogs when various fats were fed. However, the 
results obtained did not give a decisive answer to the question 
at issue. 

In 1933 Artom (5) published the results of his study of the role of 
blood phospholipid as a transport mechanism in which he used 
iodized fatty acids. His data showed quite definitely that such 
entirely foreign fatty acids, when fed or injected intravenously, 
do enter into the phospholipids of the liver and the blood. The 
amounts of iodized tatty acids which Artom recovered the 
phospholipids were, however, very small, especially when com- 
pared with the total amount of phospholipid fatty acids. [It seems 
likely, as he suggested, that this is due to two factors, one the 
unnaturalness of the fatty acids used, and the other the splitting 
off of the iodine from the fatty acids. [It was apparent, therefore, 
that there was still need for further study of the turnover of blood 


phospholipid by means of labeled fatty acids 

Recently it has been shown that elaidie acid, the stereoisomer 
of oleic acid, is well tolerated by rats, even when fed in very large 
amounts, and can be found in the phospholipids of the liver, 
muscles, and kidneys to the extent of about one-third of the 
fatty acids (6). There was good reason to believe, therefore, that 
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elaidic acid was highly suitable as a distinctive fatty acid for use 
in the study of the rate of phospholipid metabolism in blood and 
various other tissues. In this present paper are reported the 
results of the study of the rate and extent of uptake of elaidic 
acid by the phospholipids of the plasma and red blood cells of 
the cat. 


EXPERIMENTAL 


The method for the determination of elaidic acid has already 
been given im detail (6, 7). In brief, it makes use of the fact 
that the lead salt of elaidie acid, like those of palmitic and stearic 
acids, and unlike the lead salts of oleie and the other common 
unsaturated acids, is practically insoluble in cold alcohol. The 
fatty acids obtained on saponification of the phospholipids are 
dissolved in aleohol together with lead acetate and kept at 16° 
until the insoluble lead salts have settled out. These are centri- 
fuged out and reerystallized onee from alcohol. The free fatty 
acids are hberated, extracted with ether, and aliquots taken for 
the determination of the amount by the Bloor oxidative method 
and of the iodine number. The percentage of elaidie acid ts cal- 
culated from the percentage and iodine number of the so ealled 
solid acids. 

hlaidic acid was fed in the form of the mixed glyeeride prepared 
by treating olive oil with NeOs and erystallizing three or four times 
from cold acetone. Approximately 85 per cent of the acids con- 
sists of elaidie acid, the remainder presumably being the natural 
saturated fatty acids present in olive oil. This product, a white 
solid melting at about 42°, was fed by stomach tube in the form 
of an emulsion. After varying times, as recorded in Table I, 
the eats were stunned by a blow on the head and bled into a flask 
containing 0.5 to Lec. of 30 per cent potassium oxalate, depending 
upon the size of the animal. 

The blood was centrifuged at high speed for 30 minutes. The 
plasma (40 to 50 ce.) was aspirated into a 60 ec. separatory funnel, 
weighed, and then added dropwise to 400 ce. of 3:1 aleohol-ether. 
After removal of the residual plasma and the white blood cells, 


' Quite good emulsions were obtained by dissolving about 300 mg. of 
liver lecithin in 20 to 30 gm. of melted elaidin and shaking up with 15 ce. 
of warm water. 
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a weighed portion of the red cells was stirred up with 3:1 alcohol- 
ether in a mortar® and transferred to a flask with a total volume 
of about 400 cc. of aleohol-ether. The suspensions of plasma 
proteins and red blood cells in aleohol-ether were boiled for a few 
minutes on the steam bath and filtered. The proteins and cells 
were returned to the flasks, reextracted with about 150 to 200 ce. 
of aleohol-ether, and again filtered. The combined extracts were 
evaporated almost to dryness under reduced pressure with a 
stream of CO, to prevent violent ebullition, and the residue taken 
up in ethyl ether? and transferred to a small flask. The ether 
solution was then evaporated almost to dryness and the lipid 
material was transferred to a 50 cc. centrifuge tube with petroleum 
ether. Further treatment was essentially as described elsewhere 
(7). 

The data showing the percentage amount of the mixed phos- 
pholipid fatty acids of the plasma, the corrected percentage and 
iodine number of the solid acids, and the caleulated values for 
the percentage of elaidic acid in the total phospholipid fatty acids 
of the plasma and red cells are shown in Table I. It perhaps 
needs to be emphasized that the separation of mixed fatty acids 
into the saturated (solid) and the unsaturated (liquid) acids on 
the basis of the differences in the solubilities of the lead salts im 
cold aleohol is by no means complete. Consequently, as will be 
observed, the solid acids always have a very appreciable iodine 
number and therefore an apparent elaidic acid content. There is 
no reason for thinking that the unsaturated acid in the solid acid 
fraction of the phospholipid fatty acids of control animals ts really 
elaidic acid; rather, it is quite probable that most if not all of the 
unsaturation is due to lead oleate carried down with lead stearate 
and palmitate. In the five control cats, the apparent elaidic acid 
content of the phospholipid fatty acids ranged between 3.0 and 
6.4 per cent for the plasma and between 3.4 and 6.2 per cent for 
the red blood cells. These values tend to be appreciably higher 
than the corresponding ones for the liver and muscle of rats 
which averaged 2.8 + 0.5 and 23 + OS per cent, respectively. 


2 It was found that by rubbing up the red blood cells with successive 
portions of alcohol-ether the frequently troublesome clumping of the cells 
could be completely avoided. 

* The ethy! ether used was of good grade, free from peroxides. 
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On the other hand, they agree quite well with the values of 3.6 
to 5.7 per cent for dog plasma as caleulated from the data in 
Table III of a previous paper (7). These differences, though 
certainly significant, are of little importance to the problem under 
consideration. One must merely remember that a value of about 
5 per cent elaidie acid is the base-line. In general, values below 
10 per cent are not regarded as indicative of the presence of 


I 
Blaidive Acid Content of Blood Phospholipids 


Piasma phoepholipid fatty acids Red cell phospholipid 


fatty acids 
Amount Solid acids Solid acids 
per 100 Elaidie 
— I No I No 
Are yen | per cont | | per cent 
7 Control O068 | 334 x0 30 1 S88 | 34 
O16 441 5.45 6.0 | 13.1 | 5.2 
a 0156 414, MO 64 | 16.2 | 6.2 
10 0106 | 405 50 | 99 |10.2 | 4.5 
1! 0145 28 | 4.7 
. 4 6 | 0.116 | 0.7 | 13.3 69 | 36! 9.2 26 
0115 | 4.9 | 80 | 333) | 
13 0.116 | 51.2) 388 | 221 | 92/106 | 46 
3 12 0081 | 4999 429, BS | 85 | 3.0 
5 12 0.187 | 520 | 482) 29 | 6.7) 7.4 | 3.0 
4 0.109 | 45.4 470 | 23.7 | 98 | 3.5 
12 iS | 0106 | 52.7) 02!) 236 | 85/16 | 5.0 
i4 48° 0.107 | 56.7 | 87.9 | | 118.6 | 6.9 


* 2) gm. of elaidin twice a day, the last dose 12 hours before death. 
{15 to gm. of elaidin twice aday. The last dose, given 9 hours before 
death, was vomited. 


elaidie acid unless they fall in a regular sequence with higher values 
corresponding to a longer time period. 

On comparing the values for the elaidie acid content in the 
controls with the corresponding values for the animals which 
were absorbing elaidin, two facts are immediately observed. One 
is that the phospholipids of the blood plasma contain very con- 
siderable amounts of elaidic acid within a few hours after its 
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ingestion. For example, elaidie acid makes up about 20 per cent 
of the phospholipid fatty acids after 8 hours. The other is that 
there is no evidence whatsoever that the phospholipids of the red 
blood cells contain any elaidie acid, with the exception of the two 
animals which had been fed elaidin for 2 and 5days. Accordingly, 
the phospholipids of the plasma are transporting elaidic acid; 
those of the red cells are not. 

On comparing the amounts of phospholipid fatty acid in the 
plasma of the control and elaidin-fed eats, it is evident that the 
Variations are too great to give any indication as to whether or 
not there had been an increase as a result of the elaidin ingestion. 

As the percentage of elaidic acid in the plasma phospholipid in- 
creases, the percentage of solid acids also increases, although the 
larger portion of the elaidie acid has taken the place of the com- 
pletely saturated fatty acids, stearic and palmitic. To what ex- 
tent the elaidic acid in the plasma phospholipids is present as a 
dielaidy! lecithin, for example, and to what extent it Is present in 
conjunction with one of the natural fatty acids in a phospholipid 
molecule cannot, unfortunately, be calculated at present. Like- 
Wise, it is impossible to say whether all or only a part of the plasma 
phospholipid is engaged in fatty acid transport, although the fact 
that most of the values for elaidic acid fall between 24 and 2S 
per cent even IS hours after ingestion of the elaidin and the maxi- 
mum value reached was only 37 per cent may mean that only it 
part is so engaged. In a problem of this sort we are faced by 
the difficulty of not knowing to what extent the ingested fat and 
to what extent previously stored fat are being transported and 
burned at any one time. It seems reasonable to suppose that 
provided the rate of absorption equals or exceeds the rate of com- 
bustion of fat, then the ingested fat will be burned exclusively. 
The difficulty is to know how to attain and to maintain such a 
state. Also involved here is the question of the modification of 
ingested fat during passage through the intestinal wall, either 
by saturation or desaturation or by admixture with fat seereted 
into the intestine (S— 10). 

In two cats the non-phospholipid fatty acids of the blood were 
analyzed for their elaidie acid content. One anmal, Cat 5, 
showed a very marked lipemia when killed 12 hours after the ad- 
ministration of elaidin. The plasma was found to contain 1670 
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mg. per cent of “fat” fatty acids, of which 59 per cent was elaidic 
acid. It will be recalled that the elaidin fed consisted of 85 per 
cent elaidic acid. Why the blood fat did not more closely approxi- 
mate the composition of the ingested fat is not clear. It is certain 
that there was not sufficient cholesterol ester fatty acid (which 
necessarily was mixed with the glyceride fatty acids) to affect 
the results to such an extent. The other animal, Cat 14, showed 
only a slight lipemia 12 hours after the last of four doses of elaidin. 
The plasma “fat” fatty acids amounted to only 112 mg. per cent, 
39 per cent being elaidie acid. 


DISCUSSION 


It has already been emphasized above that these experiments 
with elaidie acid show quite clearly that whereas the phospholipids 
in the blood plasma are engaged in fatty acid transport, the phos- 
pholipids of the red cells are not. These results agree, therefore, 
with our earlier experiments (4) cited above. On the other hand, 
Artom (5) and Artom and Peretti (11) reeovered more iodized 
fatty acids in the phospholipids of the red cells than in those of 
the plasma. In their experiments, however, the amounts of the 
labeled fatty acids recovered in the phospholipids were very small 
in comparison with the total amount of phospholipid fatty acid. 
Thus, the maximum amounts of iodized fatty acids, In gm. per 
100 gm. of tissue, were 0.022 for liver, 0.0083 for plasma, and 
0.009 for red blood cells; per 100 gm. of phospholipid fatty acids, 
the values become about O.S, 2.0, and 3.3 per cent, respectively. 
It will be seen that their maximum value of 2 per cent of iodized 
fatty acids in the plasma phospholipid fatty acids is very small 
as compared with our maximum of 37 per cent. It is a question 
how much significance should be attached to the disagreement 
between Artom’s results and our own in the case of the red blood 
cells. The lead salt method, beeause of the unavoidable loss due 
to the slight solubility of lead elaidate in cold aleohol, is incapable 
of deteeting very small amounts of elaidic acid. Consequently 
one cannot dismiss the possibility that elaidie acid was actually 
present in the phospholipids of the red blood cells in amounts com- 
parable to the iodized fatty acids found by Artom; that ts, about 
3 per cent or less. 

Artom attached considerable significance to the fact that more 
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iodized fatty acid was present in the phospholipids of the red 
blood cell than in the plasma and pointed out that this was in 
line with the suggestion advanced some years ago by Bloor (12) 
to the effect that the red cells participated more actively in 
phospholipid transport than did the plasma. This suggestion 
was based on the observation that after feeding olive oil to dogs 
the amount of phospholipid increased more in the red cells than 
in the plasma. With one exception (13), subsequent investiga- 
tions along the same line failed to confirm this observation (14-16). 
Obviously the absence of elaidie acid from the phospholipids of 
the red blood cells and its presence in large amounts in those of 
the plasma are completely in disagreement with the suggested 
role of the red cell in phospholipid transport. 

Although the data for the percentage and iodine number of 
the liquid acids have not been given, they have been determined 
in all cases. The iodine numbers of the liquid acids in the red 
blood cells are of some interest in that they tend to be quite high, 
most of the values lving between 200 and 230. The question of 
the function of the highly unsaturated fatty acids ts still unsettled, 
the various suggestions being that they are an intermediary stage 
in fatty acid catabolism, that they are involved in cellular oxida- 
tions as an oxygen transport mechanism, and that they are im- 
portant to the structural function of the phospholipids. It is 
of interest then that the red blood cells, which do not have an 
active metabolism and therefore neither burn fatty acids nor 
consume oxygen, contain such highly unsaturated fatty acids. 
Unless this is a hold-over from the actively metabolizing nucleated 
stage, the presence of these highly unsaturated acids would sup- 
port the idea that they are involved in the structural or membrane 
funetion of the phospholipids. 

According to present day conceptions, the phospholipid of the 
blood which ts engaged in fatty acid transport originates in the 
liver, where it is synthesized from neutral fat. The evidence 
upon Which that idea ts based is largely of a circumstantial nature, 
although some, it is true, is quite direct. In a recent paper (1) 
the author suggested that the metabohe phospholipid of the blood 
originates in the intestinal mucosa in which there is known to be 
an active phospholipid metabolism (17). In the meantime that 
possibility has gained considerable support. Sidllmann and Wil- 
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brandt (1S) have demonstrated decisively that during fat absorp- 
tion there is an increased amount of phospholipid as well as neutral 
fat in the lymph flowing from the intestine of the rabbit. Com- 
parable experiments by other investigators on dogs have never 
yielded decisive results, although some increases in the phospho- 
lipid content of the thoracic chyle have been observed (19, 20). 
If, therefore, there is a flow of phospholipid away from the intes- 
tine by way of the lymph, it is likely that there is an equal, if not 
a greater, flow by way of the portal circulation despite the failure 
to detect it (1S, 21). Ina recent paper Artom, using iodized fat, 
has confirmed the occurrence of a rapid phospholipid metabolism 
in the intestinal mucosa and, on the basis of marked changes in 
amount in contrast to the constancy observed by Sinclair (17), 
has also suggested that the phospholipid which increases in the 
blood and in the liver as well has its origin in the intestinal mucosa. 
Still other evidence which can be cited in favor of the intestinal 
origin of metabolic phospholipid is the existence of an active 
secretion and reabsorption of fat in the intestine during fasting 
(9). In conjunction with the experiments reported in this paper, 
the author has determined the elaidic acid content of the phos- 
pholipids of the liver and various other tissues. The intestinal 
mucosa, as is to be expected, shows the most prompt and the 
most extensive entrance of elaidie acid into phospholipid combina- 
tion; next comes the blood plasma; and third the liver. Since 
blow! phospholipid certainly takes up more claidie acid than that 
of the liver, and appears to do so at a more rapid rate, it seems 
very likely that the blood phospholipid——at least that formed 
during fat absorption —does not originate in the liver. This study 
is bemg continued. 


SUMMARY 


When elaidin is fed to eats, elaidic acid is found in very. con- 
siderable amounts in the phospholipids of the blood plasma within 
a few hours. If elaidin is fed repeatedly for several days, as high 
as 37 per cent of the fatty acids in the plasma phospholipid con- 
sists of elaidic acid. Plasma phospholipid definitely serves as a 
mechanism for the transport of fatty acids to the tissues where 
they are burned. 

Since no elaidic acid could be detected in the phospholipids of 
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the red blood cells (except for small amounts after several days of 
repeated feeding of elaidin), it is concluded that the red cells do 
hot participate in phospholipid transport, 
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DIMETHYLGLYCINE BUFFER 


LEONOR MICHAELIS MANWELL P. SCHUBERT 


(From the Laboratories of The Rockefeller Inatitute for Medical Research, 
New York) 


(Reeeived for publeation, Miavy 20, 1946) 


To replace the borate buffer, which undergoes chemical reactions 
with a number of biologically important compounds, the veronal 
buffer has been recommended.’ It covers the pH range 7.3 to 9. 
There is still a gap between this buffer and the alkaline range of 
the phosphate buffer which in part may be just covered 
by Sorensen’s glveine buffer. Glycine, however, has the dis- 
wivantage of chemically reacting with many compounds containing 
carbonyl groups, expecially quinones. This gap im the buffer 
series Was strongly felt by the authors in recent research. It ean 
be satixfactonly filled in by dimethvlaminoacetic acid (dimethyl- 
giveine) which not only covers this gap more satisfactorily but alse 
ix chemically more indifferent. 

This substance, in the form of it< sodium salt, is prepared as 
follows: Half of a eold solution of 75 em. of NaOH in 200 ce. 
of water is added to a solution of SO gm. of chloroacetic acid in 100 
ec. of water, the mixture being kept cooled during the neutraliza- 
tion. This solution is then poured into ISO gm. of a 35 per cent 
aqueous solution of dimethylamine and the mixture cooled im 
running water for 15 minutes. The other half of the sodium 
hydroxide solution is added and the mixture is allowed to stand 
overnight. It is then evaporated in racue completely to dryness 
and the residue is extracted with a liter of boiling 95 per cent 
aleohol by refluxing for 15 minutes. The aleohol is filtered off 
while hot, and evaporated on steam to about 200 ce., after which 
itis seton ice. The ervystalline deposit is reerystallized from 300 
ee. of 95 per cent aleohol to which 10 ce. of water have been added 
and thix process repeated three to four times, until the product 


Michaelis, L.. J. Biol. Chem, 87, 33 (1900) 
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gives only a very slight test for chloride ion. After drving in a 
desiccator for 4 days there remains a perfeetly white, light and 
fluffy product in a vield of 56 gim. 


C H.ONNa. Caleulated. N 11.20, Na 18.30 
Found 16.07. 13.08. 18.18 


The preparation should contain no glycine and ean be tested for 
it by the ninhydrin reaction. To show the range of this buffer the 
following data are given. 2.50 gm. of sodium dimethyigiveme are 
dissolved to a volume of 100 cc. in water. This was expected to 


Tassie 


He} pit pil 
ee 

1 i om 
4 1) 30 
1 O05 1.8 917 
70 


be a 0.2 mw solution. When titrated again standardized HCI with 
methyl red the titer appeared to be OLIST M. 

When 10 ec. of this solution are mixed with varied amounts of 
HCl, expressed in Table I in terms of ec. of Ns HCI, and made tip? 
with Water to a volume of 20 the lollowing pit Values 
ured at 30°, are obtained. The reference pil is that of standard 
acetate taken, 4.62. 

It may be mentioned that the error of the glass electrode with 
this buffer is very small. A solution giving pH 9.49 with the 
hvdrogen electrode gives 9.45 with the glass electrode, another of 
10.25 gave 10.12. 
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THE ULTRAVIOLET ABSORPTION SPECTRA OF THYROX- 
INE, THYRONINE, TYROSINE, DIIODOTYROSINE, AND 
THYROGLOBULIN* 


By LAWRENCE J. HEIDT 


(From the Che mical Laboratory of Harvard ln ie raity, and the De partment of 
Chemistry, Massachusetts Institute of Technology, Cambridge) 


(Received for publication, May 21, 1936) 


A determination of the absorption spectra or the extinction at a 
given wave-length of a solution contaming compounds of the 
thyroxine series suggests a simple rapid method of identification. 
The measurement of absorption spectra of individual compounds 
in Water and aeid solution is therefore desirable; such data are 
presented here (1). 

The thyrorine, thyronine, tyrosine, and diiedotyrosine were 
purchased from Hoffmann-La Roche, Ine., of Basel, Switzerland. 
They were not purified further. The thyronine was purchased as 
crystals. The thyroxine came as a 0.001 M solution of pH 11.5. 

Thyroglobulin was prepared by Ostwald’s method from the 
thyroids of hogs. 

Distilled water was used to make up the solutions. The NaOH 
and other reagents were of cr. quality. 

Solutions were kept at O° until used. Absorption measurements 
were made at 22° + 3°. Extinetions were measured with a Judd- 
Lewis sectorphotometer backed by a quartz spectrograph. <A set 
of Scheibe absorption cells permitted concentrations to be held 
fined’ (2). The experimental procedure and precautions have been 
desenmbed (2). All of the solutions of the proteins were supphed 
by Professor David Rapport of the Medical School, Tufts College, 
Boston. The Judd-Lewis apparatus (2) was lent by Professor 
George Shannon Forbes of Harvard. 

The results are given in Fig. 1. The curves show no marked 


* Contribution No. 370 from: the Research Laboratory of~ Physical 
Chemistry, Massachusetts Institute of Technology. 
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224 Ultraviolet Absorption Spectra 


differences in the absorption spectra sufficient to warrant identifi- 
cation of one or more of the compounds in the presence of the 


K (1 DIVISION =0.2)——> 


Fic. 1. Absorption spectra of thyroxine and related compounds. A = 
(1 ed) [Je din em 
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*( oncentrations are as given by Professor Rapport 


others. Absorption measured in 3 and 1 em. cells with a con- 
densed hydrogen discharge as a source of continuous ultraviolet 
light likewise showed no sharp absorption bands. The Goertner 
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quartz spectrograph used in this part of the researeh had a dis- 
persion of 10 inches from 15,000 to 50,000 

The poimts on Curve 5 are for thyroglobulin “denatured” by 
precipitation with acetone. The points on Curve 6 are for unde- 
natured thyroglobulin, and for thyroglobulin denatured by grind- 
ing, by drying the ammonium sulfate precipitate, and by 
precipitation with methyl aleohol. Solutions of all these samples 
of thyroglobulin were kept in rubber stoppered glass bottles at 0° 
for 2 days before work on their absorption spectra could be started. 
Absorption measurements were made at 22° + 2° 4 hours after 
the solutions had been removed from 0° to a room at 22° + 2°. 
Checks showed no changes in the absorption spectra of any of 
these solutions after standing at 22° + 2° for an additional 4 hours. 

Within the limits of error, the curves show no differences be- 
tween denatured and undenatured thyroglobulin, except when 
acetone was used as a denaturant. In the latter ease (Curve 5) 
absorption was slightly greater and extended further into the 
visible region. This difference, however, may be due to the 
presence of some acetone still left in the thyroglobulin after 
“purification.” Denaturing as carried out above, therefore, does 
net result in the elimination or formation of configurations within 
thyroglobulin which strongly influence the absorption speetra. 
Repreeipitation, with half saturated ammonium sulfate, of the de- 
natured proteins which had been put into alkaline solution resulted 
in preeapitates that were soluble at the isoelectric point; in other 
words, the denaturations in these particular cases were reversible. 


Sew lorence, bnselme, J and Pozzi. Mi Rull Sor chim. biol... 
17, 2st (1035) 
2. Henit, L. J., and Forbes, G.S., J. Am. Chem. Soe., 2701 (1933). 
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THE ERGOT ALKALOIDS 


XI. ISOMERIC DIHYDROLYSERGIC ACIDS AND THE STRUCTURE 
OF LYSERGIC ACID 


Ky WALTER A. JACOBS axon LYMAN C. CRAIG 
(Prom the Laboratories of The Rocke fe ller Inatitute for Medical Research, 
New York) 


(Received for publication, June 2, 1936) 


Lysergic acid is a substance which we have shown to be formed 
on hydrolysis of all of the known ergot alkaloids and must therefore 
occur as such or in the form of an isomer in each of these sub- 
stances. From our degradation studies! it has also been possible 
to arrive at a probable structure for lysergic acid, as given in the 
accompanying formula, and which appears to explain all of the 
known properties and reactions of this substance. Most of these 
have already been discussed, except in connection with a special 
type of transformation which these alkaloids undergo and which 
remains to be explained namely, the isomerization of ergotamine 
to ergotaminine and the change of ergotoxine (probably a similar 
isomerization in spite of the recorded analytical difference of I 
mole of H.0))? into ergotinine and of ergometrine into ergomet- 
rinine. 

From our present knowledge it appears certain that the center 
of such isomerization lies in the lysergic acid molecule and not in 
the other cleavage products of these alkaloids. Thus, Smith 
and Timmis have recently described? the isomer of ergometrine, 


' Jacobs, W. A., and Craig, L. C., J. Biol. Chem., 111, 455 (1935); 118, 
767 (1096): Serence, 83, 3S (1996). 

? From the analyses of ergotoxine and its salts the formula CyH wON, 
has been derived, but it is not certain that retention of solvent may not have 
contributed to the analytical results. The observed greater acidity of 
ergotoxine as compared with the more basic properties of ergotinine may 
again be merely an apparent effect. This question is being carefully 
investigated by us. (Cf. Soltys, A., Ber. chem. Ges., 66, 553 (1932).) 

* Smith, S.. and Timmis, G. M., Nature, 136, 259 (1035). 
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ergometrinine, as strongly dextrorotatory and apparently of the 
same dextrorotatory group as ergotinine and ergotaminine. This 
alkaloid obviously results from isomerization of ergometrine in 
solution. The methyl aleoholic solution of the latter has been 
shown to mutarotate,t becoming more dextrorotatory, which 
indicates partial transformation into such an isomer. There is no 
opportunity for such change to oecur in the hydroxyisopropyl- 
amine portion of the molecule, thus leaving lysergic acid as the 
only center for such a change. Direct evidence for this we have 
been able to obtain in our hydrogenation studies. 

In accordance with the proposed structural formula for lysergic 
acid, there are several possibilities which could be considered to 
explain its participation in the isomerization of the alkaloids, 
The asymmetric carbon atom, to which the carboxyl group is 
attached and which is joined in amide linkage in the alkaloids, 
could lose its asvmmetry due to enolization 


iH 


and since it is definitely known that other centers of asymmetry 
are present elsewhere in the alkaloid molecule, the result would bea 
mixture of epimers and not a racemie mixture. The individual 
epimers could be separated because of the difference in physical 
properties. This explanation has been excluded, however, since 
it has now been demonstrated that the double bond of lyvsergie 
acid is essential in the isomerization reaction. 

It has been noted on a number of occasions that solutions of the 
alkaloids mutarotate, thus in the case of levorotatory ergotoxine 
by conversion into dextrorotatory ergotinine, and in that of 
levorotatory ergotamine because of change to dextrorotatory 
ergotaminine, and finally, as above stated, in the case of ergo- 
metrine (levorotatory in chloroform) because of change to the 
strongly dextrorotatory ergometrinine. Similarly, we have more 
recently found that lysergie acid methyl ester mutarotates on 
heating its methyl aleoholic solution, although the resulting 
transformation product could not be erystallized. On the other 


Kleiderer, C., J. Am. Chem. Soc., 67, AwW7 (1935). 
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hand, dihydrolysergic methyl ester did not change in rotation on 
boiling its methyl aleoholic solution. Likewise, dihydroergo- 
metrine could not be made to mutarotate. Thus, the double bond 
of lysergic acid must be essential for this change. 

The subject has been investigated further from another angle. 
All of the alkaloids, whether of the levo or dextro series, which we 
have studied have been found to give the same lysergic acid on 
alkaline hydrolysis, which has in each case been confirmed by the 
preparation of the methyl ester. The question of its homogeneity 
will be discussed later. On the other hand, if the alkaloids were 
first hydrogenated (only in the case of dihydroergometrine was a 
erystalline alkaloid isolated) and then hydrolyzed, a striking 
result was obtained. The levorotatory alkaloids ergotoxine, 
ergotamine, and ergometrine gave in each case the same substance 
on alkaline hydrolysis, viz. a-dihydrolysergic acid ({a}, = —110°). 
On the other hand, the dextrorotatory alkaloids, ergotinine, ergo- 
taminine, and also the dextrorotatory cleavage product, ergine 
(lysergic acid amide), when first hydrogenated and then hy- 
drolyzed gave an isomeric cleavage product which, for reasons 
given further on, we have designated as y-dihydrolysergic acid 
({a], = +30°). 

Although in the operations with each series of substances the 
formation of still other isomeric dihydrolysergie acids is not 
excluded, none could be isolated. But the @ derivative has ap- 
peared characteristic for the levo series and the y derivative for 
the dextro series. The question remained as to whether such 
results could be conciliated with the structure for lysergic acid, 
which our degradation studies have led us to adopt. This will be 
seen to be possible in the later discussion. 

A further point has been the study of lysergic acid. Attempts to 
show that this acid as obtained from the various alkaloids is a 
mixture have convineed us of its homogeneity. Its properties 
appeared to remain constant on repeated reerystallization, even 
after reerystallization as the hydrochloride. The methyl ester, 
obtained in a yield up to 90 per cent, has also given no evidence of 
being a mixture. On the other hand, when lysergic acid is cata- 
lytieally reduced, a definite mixture resulted from which both 
a- and y-dihydrolysergic acids were isolated. Although it is 
remotely possible that lysergie acid may after all be a mixture of 
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acids belonging to each series of alkaloids, another interpretation 
appears much more probable; rrz., that new centers of asymmetry 
are produced by its hydrogenation with production of isomeric 
dihydrolysergic acids. This last interpretation we accept for the 
purposes of the argument. 

Although evidence for the position of the carboxyl group is still 
lacking, this position appears to be restricted definitely to Ring C 
or Ring D. At present, it is assumed to be in Ring D, as given 
in the accompanying formula, and for convenience of discussion 


He 
SS -COOH 
D 6N:CH, 


\10 


we have assigned also numbers to the individual ring atoms. 
Position (4) for the carboxyl group, as presented in our previous 
paper,® appears less likely because of the stability of dihydroly- 
sergic acid which can be sublimed at 300° without appreciable 
decomposition. Again, with the carboxyl group at position (4) 
and the double bond between (4) and (5) or (5) and (10) Cor (10) 
and (9)), as indicated by the ultraviolet: absorption spectra," 
only one center of asymmetry could exist in either case, at (10) 
or at (4). Because of a more rigid configuration of the triad 
carbon atoms (4), (5), and (10), due to their occurrence in a ring 
(C) and not in an open chain, it might be expeeted that the shift 
of the double bond in either direction between the configurations 


(4H-COOH and CH Cee€-COOH might tend 
f 
/ 
+ Jacobs, W. A., and Craig, L. C., J. Biol. Chem., 113, 771 (1026) 
* Jacobs, W. A., Craig, L. C.. and Rothen, A., Science, 83, 166 (19096) 
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to proceed with production of asymmetry at the carbon atom left 
by the double bond. Nevertheless, during the formation of 
lvsergie acid under the conditions of alkaline hydrolysis, partial, 
if not total, racemization would be expected since each of the 
possible centers of asymmetry, carbon atoms (4), (5), and (10), 
ean be involved during the shift of the double bond, and there 
would be no fixed center of asymmetry elsewhere in the molecule. 

Position (7) for the carboxyl group appears more plausible. 
In this case, the configuration at carbon atom (7) could be main- 
tamed constant throughout and need play no role in the isomerism 
of the two series of alkaloids. The isomerism could be due (a) 
to epimerization on carbon atom (10) caused by shift of the double 
bond from between (4) and (5) to between (5) and (10) and back 
again to (4) and (5), or it could be caused (6) by a shift sothat the 
double bond is fixed in one series between positions (4) and (5) 
and in the other between (5) and (10) (or (9) and (10)). If it is 
assumed that the first of these possibilities, (@), occurs with epl- 
menzation on carbon atom (10) with the double bond between 
4) and (5), then the following isomers would be expected on 
hydrogenation. With the fixed configuration on carbon atom (7) 
of d? throughout these would be in the ease of one series of alkaloids 


amd in the case of the other series 
d* and d’, 


Thus, opportunity would be given for the production of different 
dihvdrolysergie acids from each series of alkaloids. 

If such an explanation for the isomerism of the alkaloids is 
accepted, the double bond in the ease of lysergic acid, however, 
must be assumed to occupy rather the position between carbon 
atoms (5) and (10), perhaps because of the polar character of the 
free carboxyl group at (7). This would permit the simultaneous 
formation from this acid of two isomeric dihydrolysergie acids 
‘a and such as, for example, and d’, ['°, which, as 
above noted, are individually characteristic as products of each 
series of alkaloids. Tt the double bond were between carbon 
atoms (4) and (5) in lysergie acid, with fixed configuration at (10), 
then the conditions would be identical with what has been assumed 
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in the case of the alkaloids, and a- and y-dihydrolysergic acid 
should not be simultaneously produced from it. Ewen if the 
double bond of lysergic acid were assumed to have a degree of 
lability between positions (5), (10) and (10), (9) with epimerization 
at (5), then all of the above four isomers would be simultaneously 
expected, thus giving opportunity for the formation of those en- 
countered individually in the case of the alkaloids. Lf possibility 
(b), 2.e. different positions (4), (5) and (5), (10) (or (10), (9)) for 
the double bond in each series of alkaloids, is assunted, a more 
involved situation would arise. Although possible, the chance 
for different substances preponderating as products of hydrogena- 
tion in each series of alkaloids would appear less likely than in the 
alternative scheme (a), and it is not clear that the divergent 
behavior of lysergic acid could be so well explained. 

A final point has been the experience with the reduction of the 
isomeric dihydrolysergic methyl esters to the dihvdrolysergols, 
In our previous work on the reductive cleavage of ergotinine and 
ergotamine with sodium and butyl alcohol,’ two isomeric alcohols, 
a- and were obtained. Likewise, on similar 
treatment of lysergic methyl ester the same substances resulted. 
It was therefore of interest to attempt to correlate these dihydro 
aleohols with the two dihydrolysergie acids resulting from the 
hydrogenation and hydrolysis of the two sertes of alkaloids. 

The above e-dihydrolysergic acid (from ergotoxine) has been 
found to be identical with the previously deseribed dilhydrolysergie 
acid obtained by reduction of lysergic acid with sodium in amyl 
alcohol.’ This was confirmed by the comparison of the methyl 
esters from both sources. If a-dihydrolysergic methyl ester bs 
reduced with sodium in butyl alcohol, the resulting substance 
proved to be the aleohol, a-dihydrolysergol. On the other hand, 
when the methyl ester of y-dihydrolysergic acid (from the dextro- 
rotatory alkaloids) was similarly reduced, an aleohol was also 
obtained which proved, however, to be different from the previously 
deseribed 8-dihydrolysergol obtained as a product of the reductive 
cleavage of ergotinine. This substance has therefore been called 
y-dthydrolysergol and its precursor, y-dihydrolyserqic acid. The 


? Jacobs, W. A., and Craig, L. C., J. Biol. Chem., 108, 595 (1935); Serence, 


81, 256 (1935). 
§ Jacobs, W. A., and Craig, L. C., J. Biol. Chem., 106, 303 (1954). 
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previously mentioned §-dihydrolysergol obtained from the alka- 
loids was not, however, encountered in the reduction of the above 
a or y esters. It is possible that this aleohol has its origin in 
epimerization on carbon atom (7), while the lysergic acid 1s still 
conjugated in the alkaloid. However, the exact relationship of 
these isomeric alcohols will require further investigation. 

In the foregoing, the attempt has been made to reconcile the 
observed facts with the struetural formula for lysergie acid, which 
has been deduced. This has been found to be possible, but at the 
same time such «a formula is advanced with proper reservation 
because of the general nature of the evidence which is available. 
Attempts to synthesize a substance of the assumed structure for 
lysergic acid are now in progress. 


EXPERIMENTAL 


Catalytic Reduction of Ergotinine 0.2 gm. of ergotinine, la]? = 
+3904° (« = OD in chloroform), was treated with 0.05 gm. of 
Adams and Shriner's catalyst and 2 ec. of glacial acetie acid. 
After shaking for | hour in hydrogen under about 2) atmospheres 
pressure, the rate of absorption of hydrogen had become much 
slower. A brilliant fluorescent purple-blue color developed imme- 
diately when the reduction started. The reduetion was inter- 
rupted at the end of 3 hours when LS moles of hydrogen had been 
absorbed. 

The catalyst was filtered off and the black-colored filtrate was 
evaporated to dryness on the steam bath under reduced pressure. 
It was found to contain colloidal platinum which was removed by 
treating the ethyl alcoholic solution with bone-black. The still 
dark colored filtrate was evaporated to dryness again. All 
attempts to obtain the hydrogenated alkaloid in a crystalline form 
failed. 

Hydrolysis of Hydrogenated  Ergotinine. y-Dihydrolysergic 
Acid ‘The crude amorphous product from above was dissolved in 
a solution containing 2 ec. of methyl alcohol, 2 ce. of water, and 
0.56 gm. of potassium hydroxide. The mixture was refluxed in 
an atmosphere of hydrogen for 2 hours, and then diluted with an 
equal volume of water. After filtering from a slight amount of 
tarry material and removal of methyl aleohol by evaporation under 
reduced pressure, the solution was made slightly acid to Congo 
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red with sulfuric acid. The solution was then made alkaline 
with sodium carbonate and evaporated to dryness under reduced 
pressure. ‘The solid residue was extracted with hot ethyl alcohol 
and the extract was evaporated to dryness. The residue was 
dissolved in 5 ce. of water and the solution was made shghtly acid 
to Congo red with sulfurie acid. Ammonia was then added and 
the solution was concentrated over a free flame until crystalline 
material began to separate. The volume of solution at this point 
was approximately 2 ce. After cooling in ice for several hours, 
the erystals were collected with a little water. The yield was 
35 mg. The material was further purified by reerystallization 
with bone-black from water. It is dextrorotatory. fa! = +32° 
(¢ = 0.22 in pyridine). [It does not show a sharp melting point, 
but darkens rapidly at 300° and decomposes at 330° when the 
temperature is raised rather rapidly. 


CH ,ON, Caleulated, C 71.06, H 6.72; found, C 71.40, H 6.79 


¥-Dihydrolyserqie Acid Methyl Ester 70 me. of y-dihy- 
drolysergic acid were treated with 5 ce. of absolute methyl aleohol 
and saturated with dry hydrogen chloride. After standing at 
room temperature for 1 hour, the solvent was evaporated under 
reduced pressure, The residue was treated with 10 ce. of ether and 
cooled in ice. Excess cold ammonia was added with good chilling 
and the mixture was shaken until all was in solution. The ether 
laver was dried over anhydrous potasstim carbonate and then 
evaporated to dryness. The viscous residue could not be made to 
crystallize from any solvent. This residue was finally used for 
reduction to the alcohol as follows. 

Reduction of y-Dihydrolyserqie Acid Methyl Ester. y-Dihy- 
drolysergol 65 mg. of the above amorphous ester were dissolved in 
4 ec. of anhydrous butyl aleohol. The solution was boiled and 
0.2 gm. of sodium was added. The mixture was at once vigorously 
shaken to emulsify the sodium and was maintained at the boiling 
temperature until all had dissolved. The solution was diluted with 
water and evaporated under reduced pressure until all butyl 
aleohol had been removed. The solid material which separated 
could not be extracted with ether. ‘The mixture was acidified with 
a slight excess of sulfuric acid, and then neutralized with a slight 


| 
| 
| | 
| 
| 
| 


W. A. Jacobs and L. C. Craig 235 


excess of sodium carbonate. After concentration of the solution 
to dryness under reduced pressure, the residue was extracted with 
hot ethyl aleohol. The alcoholic extract on evaporation left a 
residue. Om digestion with 2 ee. of hot water, apparently erystal- 
line material remaimed, which was collected with water. It 
weighed 30 mg. On reerystallization from methyl aleohol im- 
perfectly formed tables or rhombs resulted. The material dark- 
ened at 234° and melted with decomposition at 255° depending 
somewhat on the rate of heating. It was dextrorotatory, [a]® = 
+33° (¢ = 0.24 in pyridine). 


CuH.AON,. Caleulated, C 74.96, H 7.87; found, C 74.95, H 7.59 


Catalytic Reduction of Ergotorine 0.1 gm. of ergotoxine ethane- 
sulfonate (from Burroughs Welleome and Company) in 2 ee. 
of glacial acetic acid was shaken with 50 mg. of Adams and 
Shriner's catalyst and hydrogen under an excess pressure of 1} 
atmospheres. After 2.5 hours, approximately 3 moles of hydrogen 
had been absorbed and the reduction had become rather slow. The 
catalyst was filtered off and the filtrate was evaporated to dryness 
under reduced pressure. The residue was treated with ethyl 
| alcohol and again evaporated to dryness. The residue was treated 
with 5 ec. of water and a slight excess of ammonia. The amor- 
phous alkaloidal precipitate which remained was filtered off. It 
weighed 70 mg. and could not be made to erystallize from any 
solvent. 

yd re l of / / ydroge nated he. / yd rol yserque 
Acid The above amorphous residue was treated with a solution 
containing | ce. of water, 1 ce. of methyl aleohol, and 0.28 gm. 
of potassium hydroxide. After the material was refluxed for 1.5 
hours in an atmosphere of hydrogen, the methyl aleohol was 
partially removed by evaporation under reduced pressure. The 
remaining solution was diluted with water and made barely acid 
to Congo red with sulfurte acid. ‘This was followed by addition of 
ammonia in slight excess and upon concentration over a free flame 
to about 2 ee. when erystallization occurred. After cooling, 20 
mg. of leaflets were colleeted with water. After reerystallization 
with bone-black from water, it darkened rapidly at 300° and 
| finally decomposed at 330°, depending somewhat on the rate of 
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heating. It was levorotatory, [a]> = —89° (¢ = 0.09 in pyr- 
idine). 


CyH,O.N,. Calculated, C 71.06, H 6.72; found, C 71.17, H 6.72 


This acid, which we shall call a-dihydrolysergic acid, was indis- 
tinguishable in properties from the dihydrolysergic acid previously 
described as a reduction product of lysergic acid." This was con- 
firmed by the preparation of the following methyl ester which was 
prepared as in the case of the y ester. After reerystallization from 
benzene, it melted at 182° after preliminary softening at 180°, 
A mixed melting point with the dihydrolysergic methyl ester 
previously reported showed no depression. It is levorotatory. 
la]> = —52° (¢ = 0.23 in methyl aleohol). 

Reduction of a-Dihydrolyserqie Methyl Ester. a-Dihydroly- 
sergol—5O0 mg. of the ester were reduced in 4 cc, of butyl aleohol 
with 0.2 gm. of sodium, as in the case of the y lsomer. The 
reaction mixture was worked up in identical manner. 20 mg. of 
crystalline material, which was sparingly soluble in water, were 
finally obtained. After recrystallization from methyl aleohol the 
material melted at 279-2S80°, depending somewhat on the rate of 
heating. A mixed melting point with a-dihydrolysergol’ showed 
no depression. Its identity was confirmed by its general proper- 
ties and rotation, [a]> = —86° (¢ = 0.27 in pyridine). 


Calculated, C 74.96, H 7.87; found, C 74.0%). S.16 


Catalytic Reduction of Erqotamine and Hydrolysis brgotamine 
tartrate (Sandoz Chemical Works) was treated with sodium 
earbonate solution and the base was extracted with hot chloroform. 
The chloroform residue was reerystallized from dilute acetone, 
la]? = —140° (¢ = 0.43 in chloroform). This material was used 
for the reduction. 0.1 gm. was dissolved in 2 ec. of glacial acetie 
acid and shaken with hydrogen and 25 mg. of Adams and Shriner's 
‘atalyst. When reduction began, a characteristic brilliant bluish 
purple fluorescence developed. After 2 hours, 1.6) moles of 
hydrogen had been absorbed and the absorption had become 
slow. The reduction products were hydrolyzed exactly as de- 
scribed in the case of ergotoxine. Upon reerystallization of the 
resulting dihydrolysergic acid, IS mg. of the characteristic leaflets 
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of the a form were obtained. [a]? = —115° (ec = 0.235 in 
pyridine). 


Cyl, Ny. Caleulated, C 71.06, H 6.72; found, C 71.10, H 6.77 


Catalytic Reduction of Ergotaminine and Hydrolysis—0.23 gm. 
of crystalline ergotamine was dissolved in 10 ec. of methyl alcohol 
and refluxed in an atmosphere of hydrogen for 2 hours. The solu- 
tion was cooled and the erystalline material collected. It weighed 
0.07 gm. fa]? = +382° (« = 0.23 in chloroform). When the 
mother liquor was further refluxed, another crop of ergotaminine 
could be obtained. 

0.1 gm. of ergotaminine was reduced in 2 cc. of glacial acetic 
acid with 25 mg. of catalyst. In 1.5 hours, 1.67 moles of hydrogen 
had been absorbed. The resulting produets were treated exactly 
as deseribed under the reduetion and hydrolysis of ergotinine. 
Upon reerystallization of the dihydrolysergie acid, 12 mg. of the 
characteristic polygonal erystals of y-dihydrolysergic acid were 
obtained. [a]? = +32° (ce = 0.22 in pyridine). 


CicH,,O.Ne. Caleulated, C 71.06, H 6.72; found, C 71.17, H 6.63 


Catalytic Reduction of Erqine and Hydrolysis 0.1 gm. of ergine, 
fa}? = +332° (ec = 0.28 in methyl aleohol), which was prepared 
from ergotinine according to the direction of Smith and Timmis,’ 
was hydrogenated in 2 ee. of glacial acetic acid with 25 mg. of 
catalyst. 1.6 moles of hydrogen were absorbed in 40 minutes, 
and the reduction became slow. The reduction products were 
hydrolyzed as deseribed under ergotinine. 20 mg. of dihydrolyser- 
gic acid were obtained, which showed the characteristic polygonal 
erystalline form of y-dihydrolysergice acid. [a]? = +4+29° (¢ = 
0.28 in pyridine). 

Caleulated, C 71.06, 11 6.72; found, C 70.96, H 6.99 

Catalytic Hy lrogenation of Lysergie Acid —The reduction of this 
substance has been reported.’ It is deseribed again below, since 
this procedure has yielded two isomeric dihydrolysergie acids. 

0.4 gm. of lysergic acid was hydrogenated in 3 ec. of glacial 
acetic acid with 25 mg. of catalyst. The hydrogenation was in- 


* Smith, S., and Timmis, G. M., J. Chem. Soc., 763 (1932). 
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terrupted when 1.5 moles of hydrogen had been absorbed. The 
residue after removal of solvent was dissolved in 35 cc. of boiling 
water, bone-black was added, and then the mixture was quickly 
filtered while hot before erystallization began. The filtrate on 
cooling yielded 0.14 gm. of broad leaves which the rotation showed 
to be a-dihydrolysergic acid. la]? = (¢c = 0.255 in 
pyridine). This was confirmed by its conversion into the ester, 
as previously reported. 

The mother liquor was concentrated until erystals appeared, 
After cooling, the somewhat colored erystalline material was col- 
lected and weighed 90 mg. It was reerystallized with bone-black, 
and the characteristic crystalline form of y-dihvdrolysergic nerd 
was obtained. The rotation was slightly low for this compound. 
la]? = +16° (¢ = 0.235 in pyridine). For further identification 
it was converted into the methyl ester which was im turn reduced 
to the corresponding y-dihydrolysergol. The latter melted at 
253°. la]? = +33° (¢ = 0.27 in pyridine). 

M utarotation of rg Acid Me thyl Lysergiec nerd, 
+30° (¢ = O40 in pyridine), was esterified, as pres ously 
reported, with diazomethane. It was found that upon reerystal- 
lization of this ester, the rotation varied somewhat. A solution 
of a sample which showed a rotation, [a]? = 485° (¢ = 0.305 
in methyl alcohol), was heated in a sealed tube at the temperature 
of boiling methyl aleohol for 0.5 hour, The solution became 
slightly colored and the rotation imereased to + 
fc = 0.305 in methyl alcohol). The solution on heating an 
additional 2 hours became still darker in color, but the rotation 
remained constant at [a]? = + 118°. An attempt to isolate the 
products after the mutarotation of the ester yielded crystalline 
material which, however, showed a rotation approximately that of 


the original ester, riz. la], = 4+S0° to 490°. A large fraction 


could not be made to crystallize. 
A solution of a-dihydrolysergic methyl ester showed no change 
in rotation after heating in boiling methyl aleohol for 1 hour. 
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DETERMINATION OF CHLORIDES IN BIOLOGICAL 
MATERIALS 


By VINES COLLIER, Jr. 


(From the De partment of Physiology, School of Medicine, Ge orgetown 
University, Washington) 


(Reeeived for publication, May 20, 1936) 


The methods used in determining the chloride content of blood, 
urine, and tissue all involve precipitation of the chloride with an 
excess of standard silver nitrate and titration of the exeess pre- 
cipitant with standard ammonium or potassium thiocyanate, 
with ferrie alum as indicator. These methods are reasonably 
accurate and reliable but rather long and tedious. They also 
introduce several sources of possible error. 

With the idea in view of shortening the time required and 
simplifving the proceedure generally, a study was begun on the 
methods which had been used and others which might possibly 
be applied to the problem at hand. From the outset all gravi- 
metric methods were ruled out, except as controls. They were 
considered to be too long and tedious for ordinary work on chlorides. 


EXNPERIMENTAL 


The silver nitrate-thioevanate proceedures had already been 
brought down to a fair state of perfeetion, but still did not meet 
the author's requirements; so they were ruled out almost at the 
beginning of the experiment. After an exhaustive study of the 
literature Fajans’ (1) technique, in whieh is used direct titration 
with standard silver nitrate and in which dichlorofluorescein ts 
used as indicator, seemed to offer the only possibility worthy of 
further consideration. 

A preliminary study of this proceedure on known sodium chloride 
samples in acid, alkaline, and neutral solution brought out several 
interesting facts. (1) Digestion of sodium chloride on a boiling 
water bath for only 10 minutes in 2.N nitric acid eaused a loss of 
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chlorides. (2) Titration in acid solution gave no end-point. 
(3) Titration in alkaline solution gave a gradually changing end- 
point which could not be read. (4) The procedure, when em- 
ployed in neutral solution, was absolutely trustworthy. 

The next point considered was the production of a satisfactory 
tissue digest. The requirements of this digest were: (1) it must 
be clear and sufficiently light in color to permit the reading of an 
end-point, and (2) it must be neutral in reaction. It was found, 
just as in the preliminary experiment, that digestion in any 
strength of nitric acid caused a grave loss of chlorides, although it 
gave a satisfactory light yellow-colored solution. Tissues di- 
gested in from 2 to LON potassium hydroxide gave solutions which 
were clear but highly colored. This color ranged from an orange 
to almost a black, depending on the amount of blood present in 
the tissue being analyzed. However, it was found that if this 
potassium hydroxide-tissue digest was made acid with nitrie acid 
and then redigested, it cleared up to a light vellow color without 
anv loss of chlorides. 

The next step was to neutralize the solution to pH 7.0 to 

This required an indicator that would accurately indicate this 
ange and whose own color would not interfere with the reading 
of the end-point in the subsequent titration. A great number of 
indicators were tried, but all were found unsuited for various 
reasons. At the suggestion of Dr. A. M. Lands the B.D.-H. 
universal indicator’ was used and found to be quite satisfactory. 
At pH 7.0 to 7.5 its color is a greenish vellow which does not ob- 
scure the color change of the dichlorofluorescein in the subsequent 
titration. Its color range is from pH 3.0 to 11.0 as follows: 
up to pH 3.0, red; 4.0, deeper red; 5.0, orange-red; 5.5, orange: 
6.0, orange-vellow; 6.5, vellow; 7.0 to 7.5, greenish vellow: 8.0, 
green; 8.5, bluish green; 9.0, greenish blue: 0.5, blue: 10.0, violet: 
10.5, reddish violet; 11.0, deeper reddish violet. 

The standard solution of silver nitrate used was prepared by 
dissolving 29.061 gm. of chemically pure silver nitrate in sufficient 
distilled water to make 1 liter. This gave a standard solution 
in Which 1 ee. was equivalent to 10 mg. of sodium chloride. 


6 « 


‘The B. D. H. universal indicator is prepared by The British Drug 
Houses, Ltd., and may be obtained in this country from Eimer and Amend, 


New York. 
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The actual method for tissue, which was finally worked out, is 
as follows: 

Weigh accurately from 2 to 4 gm. of tissue in 50 ce. Pyrex 
Erlenmeyer flasks. The tissue must be analyzed wet, as drying 
in the oven at 100° or above introduces a loss of chlorides. It was 
found that this lost chloride could not be recovered as stated by 
Sunderman and Williams (2). 

Add 5 ee. of 5S potassium hydroxide and place the mixture in 
an oven set at 100-110° until solution occurs. This usually 
requires 15 to 30 minutes. As little potassium hydroxide solution 
as possible should be used, as it is desirable to keep the volume to 
4 minimum at the time of titration. This permits the entire 
procedure to be earried out in the original flask. Also, the po- 
tassium hydroxide solution used should be as weak as possible and 
still give good solution. Otherwise, after neutralization with 
nitric acid, potassium nitrate will crystallize out. This can be 
redissolved, if it does form, by adding a small volume of distilled 
water. At this stage three or four control tubes should be pre- 
pared, carrying the same amount of potassium hydroxide as was 
used on the tissue. These serve as controls over the reagents. 

Allow the solutions to cool. Determine the amount of concen- 
trated nitrie acid necessary to neutralize the potassium hydroxide 
by titrating one of the blank control tubes, methyl orange being 
used as indicator. Add a slight exeess over the amount required 
for neutralization to each of the remaining flasks. Be careful 
that they do not foam over, either when the acid is added or during 
the subsequent redigestion. A drop or two of caprylie aleohol ts 
sometimes advisable to prevent this. The solutions should be 
absolutely cold when the acid is added and the temperature of the 
flasks raised in the oven slowly to 100-110°. Redigest the solutions 
in the oven until they are all a clear yellow color. This usually 
requires from a few minutes to several hours. This oxidation in 
acid solution must be complete, or the solutions will regain their 
color on subsequent neutralization. 

Allow the solutions to cool. Adjust their reaction to pH 7.0 to 
7.5 with a drop or two of universal indicator. It is advisable to 
do this on the controls first to secure an approximate idea of the 
amount of base necessary and also to acquaint one with the color 
changes of the indicator. Too concentrated acid or base will 
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ruin the indicator so caution must be used. This may be avoided 
by first titrating a blank control tube to determine approximately 
the volume of potassium hydroxide required for neutralization and 
then adding this quantity to each tube in the series before adding 
the indicator. I usually roughly balance the solutions with 2 x 
nitric acid and potassium hydroxide and finish with 0.02 s 
strengths, using ordinary dropping pipettes. This is the crucial 
step in the procedure. The solutions must be accurately adjusted 
to pH 7.0 to 7.5 or the test willfail. The color should be a greenish 
yellow, but, if anything, nearer a light green than a vellow. 

Add a drop or two of 0.1 per cent dichlorofluorescein to each 
flask and titrate with the standard silver nitrate solution. At the 


end-point the solution apparently loses its fluorescence and ae- 


quires a salmon-pink color. The titration should be carned out 

by reflected and not transmitted hght, so that this fluorescence, 
may be observed. Too much indicator should not be used, as this 
tends to obscure the end-point. If the end-point should be in 
doubt, the precipitate should be allowed to settle for a few seconds. 
At the end-point the precipitated silver chloride assumes a pinkish 
color owing to adsorption of the dve. The amount of silver nitrate 
used should be read to at least O.OL ce. For this I find a 2 ce 

burette graduated to O.OOL ee. very convenient, although an 
ordinary 10 ec. burette graduated to 0.05 ec. can be used. If the 
2 cc. burette ts used, it should be one equipped with a reservorr. 
In all events, all measuring instruments should be of the greatest 
accuracy. 

Calculation 


standard silver nitrate used 10) gm Nal per ™ 
Weight of sample 


The accuracy of the method was tested chietly against the 
Sunderman-W illiams (3) procedure and gravimetrically (Table 1). 
It was tried on both normal tissue from various organs of the cat 
and on tissue to which known amounts of sodium chlonde were 


added. 

Analyses were made on liver, muscle, lung, and skin to which 
sodium chloride was added. Various amounts of standard 1 per 
cent sodium chloride were added to the samples. The theoretical 
amount of silver nitrate required for this added chloride was sub- 
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Taste 
Chlorides in T isaue 
The values are given in gm. of NaCl per kilo with the exeeption of those 
for whole which are given in gin. per liter. 
~underman- Wa! lame Cpravimet rie ——~ 
methe<d 3 met 
(etl Cat? Cat3 Catt Cat? Catt Cat? Cat3 
Liver 275 2.81 2.79 2.78 2.85 2.81 2.77 2.83 2.77 
Ridnes 125 401 427 43% 425 431 427 4.19 4.33 
Muscle 149 14 14415) 1 W161 
Lune 41% 432 442431 4D 
Heart 172 41%) 462 479 405 475 479 464 4.80 
Pane ress 331 3.18 328 3.35 3.22 3.40 3.322 32D 3.3% 
Skin 376 382 390 3.850 3.87 3.88 3.77 3.856 3.86 
Spleen $18 333 3.31 325 340 335 3.23 3.930 3.31 
Salivary glands 2041 293 29 297 293 291 2.96 2.91 
Brain (cerebrum ) 2m 24 251 20238 2M 2D 2.48 2.54 
Whole blood 49) 500 406004900 500 467 49 5 OO 
Il 
4 of Chloride from iz de 
The values are given in em. of NaCl per kile 
Sunderman ree fern 
method (3 method 
Liver 270 
bee. 1°) 2 si JS 2. 
1 7) 1 oS 
Lung 22 1 39 
bee. 1°) NaCl iw 
+2 im « 57 449 
Skin 3 S87 4% 
“ +1 ee. 1% Nall + 08 3.97 3% 
9 « 40 400 
| tracted from the total amount used and the result used in 


caleulating the amount of chloride in the tissue. The results are 


tabulated in Table If. 
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After the method for the determination of chloride in tissue was 
perfected, it was quite simple to adapt it to blood and urine 
(Tables IIL and IV). 

Blood chloride may be determined by the above method, a 
digest of 2 ce. of whole blood being used. It is usually simpler to 
use 10 ce. of the usual protein-free filtrate, however. If the filtrate 
is used, a blank must be run on the protein-precipitating reagents 


Taste Ill 
Chlorides in Blood 
The values are given in mg. per 100 cc. 


Whitehorn method 4 Gravimetric method get 
(at Human (at Human (at I bog Ifuman 
4A) His 512 157 we 
485 475 wl 475 is} is wien 

IV 


Chlorides in Urine 
The values are given in gm. per 100 cc. These are results taken at ran- 
dom from a large number of determinations. 


Volhard-Arnold method 5 Gravimetric method Adsorption method 
(at Hurnar {at Human I how Human 
21 1 2h 100 1.27 1 | | 2 
1 O2 | 19 1 1.35 | 2 114 | 1 35 
Is | 23 1.25 1 1 1 
1 1 1.22 12 114 1 17 1 1} 12 
1.13 11S 11s 1 18 1) 1 24 1a 


to determine their chloride content. The filtrate or digest is 
adjusted to pH 7.0 to 7.5 and titrated exactly as in the procedure 
for tissue digests, 
Calculation 
Ce. standard silver nitrate X 5300 = mg. NaCl per 100 ce. blood 


Urine chloride is determined by the following method. exactly 
1 cc. of urine is diluted with about 5 ec. of distilled water. The 
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solution is adjusted to pH 7.0 to 7.5 in the usual manner. It is 
then titrated with standard silver nitrate and dichlorofluorescein 
exactly as with tissue digests. The volume of standard silver 
nitrate used, in ce., is equal to the number of gm. of sodium 
chloride in 100 ce. of that urme (.¢., if 1.12 ee. of the standard 
silver nitrate was used, then 100 ec. of the urine contains 1.12 gm. 
of sodium chloride), 


SUMMARY 


The method proposed for the determination of chlorides in 
biological materials is shorter and simpler to use than the older 
silver nitrate-thioevanate procedures. It is extremely accurate 
if ordinary care and aecurate measuring instruments are used. 
It reduces the possibilities of error by eliminating filtration and 
changes from one container to another. It also reduces the possi- 
bility of error from faulty standard solutions inasmuch as only one 
standard solution is used. 


I should like to acknowledge my appreciation to Mr. Stephen 
Krop of the Department of Pharmacology for a suggestion con- 
cerning Fajans’ technique and to Mr. C. 8. Moore for his valuable 
assistance in preparing the tables accompanying this paper. 
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ON THEVETIN 


hy ROBERT ©. ELDERFIELD 


reve the Laboratories of The Rocke te ller Inatitute for Vedical Research, 
Ne Pork) 


(Reeeived for publication, June 1, 1936) 


The constituents of be-still nuts, the fruit of the plant Thevretia 
nerufolia, have recently been critically examined by Chen and 
Chen.' They succeeded in isolating three erystalline substances: 
riz., thevetin, to which the formula CyHgOy was given: ahouain, 
of the formula and kokilphin, Of these, 
thevetin was shown to the pharmacoynamic properties 
typical of the digitalis group of eardiae poisons? This relation- 
ship was further strengthened by the observation that thevetin 
gave the positive nitroprusside (Legal) reaction characteristic of 
the members of the digitalis-strophanthus group. 

For the histortieal background, reference should be made to 
Chen and Chen’s paper. Sinee its appearance, Ghatak® has re- 
iterated his opinion that thevetin can best be represented by the 
formula CyollyeOe, and that on hydrolysis, glucose and a genin, 
Cy result 

Through the kindness of Dr. kK. IN. Chen of The Lilly Research 
Laboratories, Indianapolis, whe has kindly suppled generous 
amounts of erystalline thevetin, it has become possible to charac- 
terize the glycoside more fully and to demonstrate more conelu- 
sively its intimate relationship to the other members of the digitalis 
group. 

The sugar component of thevetin has been shown, after hydro- 
lytic clea age, to glucose by its isolation as qlueosazone and by 
the failure to obtain mannose phenyvlhydrazone. The aglycone 


' Chen, K. K., and Chen, A. L., J. Biol. Chem., 106, 231 (1934). 
Chen, K. and Chen, A. L., J. Pharmacol. and Exp. Therap., 01, 23 
(1044) 
(shatak, N.. l’roe. Acad. Se. Agra and Oudh, India, 4, 173 (1934). 
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portion of the molecule would then possess the formula CylHyOs 
if the formulation for thevetin adopted by Chen and Chen be 
accepted. However, if, as is indicated by the positive nitroprus- 
side reaction, the characteristic °-y-unsaturated lactone side 
chain is present, the formula for the aglycone, thevetogenin, 
should be revised to CaHy Os and that for thevetin would become 
(.,.H,,Q.. Thevetogenin would thus be isomeric with ouabagenin, 
the hypothetical aghveone of ouabain.! This revision is supported 
by the fact that thevetin on eatalytic hydrogenation absorbs 1 
mole of hydrogen, although it has not been possible to obtain 
dihydrothevetin in crystalline form, and by the formation of 
isotherctin when thevetin is subjected to the SOMerizing action of 
alkali. These reactions again are characteristic of the unsaturated 
lactone side chain of the cardiac aglyeones. 

Attention was next directed to an examination of the aghveone, 
Because of the presence of the normal hexose, glucose, rather than 
a 2-desoxy sugar, hydrolysis of thevetin itself required sufficiently 
strenuous treatment to destroy the aglycone. However, after 
isomerization to isothevetin, it has been possible to obtain erystal- 
line derivatives of thevetogwenin. Manipulation Wits rendered 
exceedingly difficult by the tendeney of the derivatives to crystal- 
lize in a highly hydrated state and frequently only in the presence 
of electrolytes which prevented their isolation in a state of purity. 

When acetolysis was attempted with isothevetin by the proce- 
dure which had proved suecessful with isoouahbain,’ only non- 
crystalline resins resulted. However, when tsothevetin was eare- 
fully warmed with 2 per cent HCl, a less soluble erystalline 
substance separated from the solution. The analytical data indl- 
cated a monohydrate of isotheretogenin, but manipulation was made 
difficult by its unfortunate physical properties. 

Better success attended the hydrolysis of the glycoside after 
oxidation with hypobromite. When isothevetin was oxidized in 
this manner after saponification of the lactone group, an acid, 
isothevetinic acid, was formed. This readily crystallized in the 
presence of electrolytes, such as NaCl, but when attempts were 
made to wash it free from salts, it assumed gelatinous properties. 
However, gentle acid hydrolysis of the erude isothevetime acid 


‘ Jacobs, W. A., and Bigelow, N. M., J. Brol. Chem., 98, OAT (1982) 
Jacobs, W. A., and Bigelow, N. M., J. Biol. Chem... 101, 15 (1995) 
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resulted in the formation of erystalline tsothevelogenie acid which 
was brought to a state of analytical purity, although with dif- 
fieulty. Attempts to prepare a methyl- or p-bromophenacyl ester 
of this acid resulted in gelatinous products. Benzoylation of the 
amorphous methyl ester led to an amorphous benzoate and acetyl- 
ation gave an acetate which crystallized when strongly chilled, 
but melted at room temperature during manipulation. Likewise, 
attempts to characterize the hydroxyl groups by oxidation to 
carbonyl resulted in non-crystalline products. 

These results confirm the placing of thevetin in the digitalis- 
strophanthus group of eardiae aglycones. The sugar has been 
shown to be glucose and the aglycone, while not isolated as such, 
has been shown to be isomeric with ouabagenin and exhibits the 
typical reactions of the other members of the group. While it is 
not possible, with the information at hand, to place the hydroxyl 
groups of thevetogenin definitely, analogy with the other members 
of the group warrants the assumption of the presence of a second- 
ary hydroxy! group on carbon atom (3) and of a tertiary hydroxyl 
group on carbon atom (14). 


EXPERIMENTAL 


Thevetin The glucoside as received was recrystallized two times 
from S5 per cent isopropyl aleohol. It softened at 193-194° and 
slowly went to bubbles up to 210°. For analysis it was dried at 
80° and O.1 mim. 


Found. ** 57.90, 57.60, ** 7.50, 7.46 


lsothevetin 1 gm. of thevetin was dissolved in 10 ce. of absolute 
methyl aleohol and the solution chilled in ice. 10 ce. of a 20 per 
cent solution of potassium hydroxide in absolute methyl alcohol 
were added and the mixture was allowed to warm up to room 
temperature. After 30 minutes, the Legal test was negative. 
100 ec. of water were added and the solution was made just acid 
to Congo red with HCL After standing 4 hours at room tempera- 
ture to complete lactonization, the solution was neutralized to 
Congo red with sodium acetate and concentrated tn vacuo to 
copious crystallization. The erystalline material was centrifuged 
and reerystallized twice from water. Lsothevetin as thus obtained 
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forms micaceous leaflets which were highly hydrated and extremely 
difficult to manipulate. For analysis it was recrystallized from 
isopropyl alcohol, from which it separates as microleaflets. After 
drying in a desiccator over POs, the substance still retained 0.5 
mole of solvent. It shrinks at 180° and goes to a mass of fine 
bubbles at 200-210°, 


lal, = —60° = 0.866 in pyridine) 


For analysis the substance was dried at 100° and 0.2 mm. 


Dis. ( ‘aleulated il ry Ww) 
Found. ‘* 57.80. 58.05. ** 7.63, 7.65 


12.130 mg. of substance were refluxed with 1 ec. of aleohol and 
3 ec. of 0.1 N NaOH for 4 hours and titrated back against phenol- 
phthalein withO.LN HCL 0.214 ee. of 0.1N NaOH was consumed, 
Calculated for 1 equivalent, 0.202 ec. 

sothevetogenin -130 mg. of isothevetin were heated in 10 ce, 
of 2 per cent HCI on the steam bath for 5 minutes. During this 
time the isothevetin dissolved and was replaced by lens-shaped 
erystals of the isogenin. These were filtered from the cooled 
solution and reerystallized from dilute methyl aleohol Om dry- 
ing ina desiccator, the erystals shrank and effervesced toa varnish. 
In this form it sintered at about 170° and decomposed at 220°, 
although these temperatures varied greatly with the rate of heat- 
ing. The Molisch test was negative. bor analysis it was further 
dried at 100° and 0.2 mm. over HQ, The figures obtained in- 
dicated that it still retained 1 mole of HO. 

Caleulated. © 60.49, 

[sothevetinic Acid —1 em. of tsothevetin was dissolved in 25 ce. 
of water containing 2.5 ec. of 10 per cent NaOH solution. 50 ce. 
of a solution of NaOBr (prepared from 50 ce. of N NaOH and 
3.3 gm. of Br) were added. After standing 1 hour at room 
temperature, the alkaline solution was extracted with ether in 
order to remove the CBr, formed by oxidation of the isopropyl 
alcohol of crystallization of the isothevetin. The solution was 
then made acid to litmus with acetic acid and evaporated to 
about 15 ce. in a desiccator. It was then acidified to Congo red 
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with HCl. After 2 hours the fine prisms which separated were 
centrifuged off. The substance is very highly hydrated and 
erystallized only from diluted solvents in the presence of inorganic 
electrolytes. When attempts were made to wash it free of salts, 
the substance became gelatinous as the salts were removed. In 
the crystalline state it adsorbed too large an amount of salts to 
permit accurate analytical results. However, after removal of 
the sugar the resulting acid was purified, although with difficulty. 

lsothevetogente Acid ~The alkaline solution from the oxidation 
of Ll gm. of isothevetin, as deseribed above, was made faintly but 
distinetly acid to Congo red with HC] and then heated in a beaker 
of actively boiling water for 10 minutes. During this time a 
turbidity formed and fine needles separated. The solution was 
cooled as rapidly as possible and the erystals were centrifuged. 
The substance appeared to erystallize only from aqueous solvents, 
best from dilute acetone. Addition of a few drops of acetie acid 
was found to facilitate erystallization. The erystals were appar- 
ently highly hydrated and very difficult to filter. Therefore, 
they were centrifuged and dried as such in a desiccator, during 
which large amounts of water were lost and the substance dried 
down toa resin. In this state it froths up at 120° 130° and slowly 


decomposes, 
aly @ in pyridine) 
For analysis it was further dried at LOO? and 20 min. 


Caleulated. C 60.76, Hl 7.4 
bound ** 40.20, 7.74, 7.56 


The original acid mother liquor from the above was again 
heated at 100° for 10 minutes and an additional amount of iso- 
thevetogenic acid obtained. Further hydrolysis resulted in’ the 
formation of obscure dehydration products. 

Isolation of Glucosazone from Thevetin 0.5 gm. of thevetin was 
heated on the steam bath with 30 ec. of 3 per cent H,SO, for 5 
hours. The mixture was chilled and filtered from resinous hy- 
drolysis products. Exeess BaCO,) was then added and the solu- 
tion was again filtered. 15 ce. of 50 per cent NaHSOy solution, 
15 ce. of a saturated solution of sodium acetate in 50 per cent 
acetic acid, and 1.5 ce. of phenylhydrazine were added to the 
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filtrate, and the mixture was heated 1 hour on the steam bath. 
After cooling, the osazone was collected and recrystallized from 
methyl aleohol. It decomposed at 207° and showed no depres- 
sion when mixed with glucosazone. 

A 1 per cent solution of the osazone in 2:3 pyridine-aleohol 
solution at first showed a= = —0.55° in a 1 dm. tube. After 
24 hours, as = —0.35°. This is in accord with the observed 
mutarotation of glucosazone.® 


Caleulated. C 60.30, H 6.19 
Found, ** 60.22, 60.31, 6.31, 6.41 


In another experiment, the sugar solution from the hydrolysis 
of 100 mg. of thevetin was similarly treated with phenylhydrazine 
and allowed to stand at room temperature. No mannose phenyl- 
hvydrazone was formed. 


* Levene, P. A., and La Forge, F. B., J. Biol. Chem, 20, 429 (1915) 
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OPTICAL ROTATIONS AND ROTATORY DISPERSIONS 
IN HOMOLOGOUS SERIES OF ALIPHATIC NITRILES 


By P. A. LEVENE, ALEXANDRE ROTHEN, ano R. FE. MARKER 
Wirn tee Assistance or Martin Kuna 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, May 29, 1936) 


The present communication deals with the optieal rotation of 
nitriles of the general formula 


CH, 
H--C--(CH,).,X (where X = CN) 
(CTL). CH, 


The interest attached to these substances lies in the character 
of the chromophorie group of the radicle se N. Nitriles may 
be regarded as the anhydrides of ammonocarboxylic acids and 
vet the nearest absorption band of the — C == N group (apparently 
continuous) is located in the Schumann region at ~ A 1600. Dis- 
continuous bands start at wave-lengths shorter than \ 1450.) The 
point of interest, then, is the eourse of events resulting from the 
progressive increase in the value of mn, on one hand, and of ne, on 
the other. 

In Table IIL are given the maximum rotations and in Table IV 
the rotatory dispersions of the configurationally related nitriles. 
Their configurational relationship was established on the basis of 
their preparation from acids or from halides of known configura- 
tion. The rotations of the acid chlorides and of the corresponding 
amides are given in Tables Land II. 

In the series homologous with respect to ne, the course of events 
changes with the variation in the value of m. In the sertes having 


' Herzberg, G., and Scheibe, G., Z. phusik. Chem., Abt. B, 7, 390 (1930). 
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n, = 0, the rotations of the substances given in Table IIL increase 
progressively and remain of the same direction as that of the first 
member. In this respect the nitriles reflect fully the events of 
the parent carboxylic acids. They differ from the latter by the 
higher values of their molecular rotations. 

In the series having nm, = 1, there is observed one unexplainable 
irregularity. In the many homologous series analyzed to date, 
the rotations of sueceessive members shifted progressively either to 
the night orto the left. In the homologous series of nitriles having 
n, = 1, the shift of the maximum molecular rotation ts to the left 
hetween the first two members, whereas on passing from mz = 2 
ton, = 3,itistothe right. This peculiarity cannot be attributed 
to experimental error for the reason that two series of experiments 
were performed independently with identical results, and, further- 
more, on reduction of the nitriles to the corresponding amines, the 
latter form a perfectly normal homologous series. In the series 
of nitriles having nm, = 2and m = 3, given in Table III, the rota- 
tions of the individual members inerease progressively to the left, 
changing in sign in the higher members, in a manner similar to that 
of the series of aliphatie carboxylic acids. These events indicate 
that the rotations of the nitriles of those series are the resultant 
of two partial rotations of opposite sign. 

In the series homologous with respect to ny, the change in rotation 
with the progressive inerease in the value of nm, is of particular 
interest for the reason that two events have been observed when 


) 
X = -—-COOH, or --C ; first, a change in the direction of the 
H 
partial rotations of the functional group on passing from nm, = 0 
to nm, = 1; second, a periodicity in the direction of the shift of 


rotation with the further inerease in the value of m,. From the 
first and second columns of Table IIL it ean be noted that from 
n, = Oton, = 1, there is a drop in the values of the rotation with- 
out change of sign. A periodicity in the shift of rotation im the 
visible region of the speetrum is observed in the substances given 
in the first row (the lowest homologues). In the substances given 
in the third and fourth rows, the periodicity begins with the 
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member having m = 1. However, if the partial rotations of the 
CN groups are compared, then it is found that a change of direc- 
tion occurs on passing from n, = Oto nm, = 1. 

A complete analysis of the total rotations of nitriles into their 
different partial components is Impossible for the reason that the 
absorption bands of the chromophoric group are too distant from 
the smallest wave-lengths accessible to rotatory measurements. 
In fact, the rotatory dispersion curves of all the nitriles (with the 
exception of 4-methyloctanenitrile) can be expressed from 
the visible region to about A 2400 by a single Drude term 
within the limits of error. It should be stated, however, that the 
relative precision attained is low on account of the small values 
of the molecular rotations (see Table IV and related dispersion 
formula). 

In the case of the nitmles having nm, = 0, the dispersion constant 
corresponds to the position of the first absorption band, and the 
molecular rotations are high. These facts indicate that the main 
contribution ts furnished by the CN revuip. The slight devia- 
tion from linearity of the funetion 1 [M] = f (A*) seems to indicate 
that the second term is of the sign of the first term. 

The rotations of the primary nitrile with », = Ll are low and the 
constant of dispersion of the one Drude term formula is \ 1380; 
that ix, 260 A. lower than that of the secondary nitrile. This faet 
weems to show that the dispersion of the compound is anomalous; 
ie., the sign of rotation of the first active band is opposite to the 
rotation observed inasmuch as other substances with nm, = 1 having 
a normal dispersion curve are as a rule very dispersive (their 
dispersion constants of a one Drude term formula have generally 
i. higher value than that corresponding to the first active absorp- 
theme 

The primary nitrile with nm, = 2 has a low rotation too and the 
course of its dispersion is typically anomalous. The constant of 


dispersion is negative and there is observed a broad flat minimum 
in the funetion f from 43200 to 2700.) The lower 
homologues of this series rotate in opposite direction and although 
dispersion measurements have not been made on them, it is almost 
certain that their dispersion is normal. In fact, their dispersion 
power should be the highest of all the nitriles. The nitriles with 
n, = 3 or 4 exhibit a normal dispersion and their constants of 
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dispersion are greater than the position of the first absorption band 
in agreement with the view that the two main contributions are 
of opposite sign. 

The rule previously enunciated, that for tivo homoloques (with 
respect to nm, or N_) possessing the same type of dispersion, the one 
with the greater dispersive power has the smaller maximum molecular 
rotation, has been verified in the ease of the nitriles. 

The conclusion, then, is that the effect of the progressive increase 
of the value of n, in the series of aliphatic nitriles is very similar 
to that in the series of aliphatic carboxylic acids and in the series 
of aliphatic aldehydes. 

Effect of the Solvent—From Table V it can be seen that the total 
rotation of each nitrile differs, depending upon the medium, as a 


Taste V 
Ci, 


Rotations of Nitriles of the T ype W.-C. (CHA CN in Hom State 


CH, 
and on pla hee 
0 2 ‘ 
Maximum (homogeneous) MS 304 15% 5.31 1% 
(heptane) 5232 682 262 543 19 


rule being higher in heptane solution. It is worthy of note that 
the absolute differences are of the same order of magnitude in all 
members. 

Equations Expressing the Rotatory Dispersions of Nitriles 


16.742 
Dextro-2-methvihexanenitrile. 


Dextro-3-methylheptanenitrile 
—O.019) 


Levo-+-methyloctanenitrile. 
 —0.0008 


17241 
M 0.0273 

? TRIS?! 
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EXPERIMENTAL 
Levo-2-Methylbutanenitrile-75 gm. of 2-methylbutanoie acid, 
IM|> = -—2.1° (homogeneous), were converted to the nitrile 
through the acid chloride and amide. Yield 20 gm. B.p. 127° 
at 760 mm. 


lal, = —347°; [M]p = —2.88 
OS) 


Maximum = —24.7° (homogeneous) 


3 OSS me. substance: 900 mg. CO, and 3.530 mg. 


Be O ee. Ny at 23° and 768 mm. 
Caleulated. C 72.2, H109,N 169 


lh rlro- Methyl pm nlanenitrile? 25 of 1-bromo-2-methyl- 
butane, 


+140 


7. 
lal, = +1.15° (homogeneous) 
(from NKahlbaum’s amyl aleohol a” = —1.75° (1dm.) (homogene- 


ous)), were added toa solution of 12 gm. of potassium evanide (1.1 
moles) in 20 ce. of water and 150 ce. of ethanol. This solution was 
refluxed for 4S hours. It was then poured into water, concentrated 
calerum chloride solution was added, and the solution was extracted 
with ether, The extract was washed with concentrated caletum 
chloride solution, dried, and the substance was distilled. B.p. 
p = atmosphene. Yield 9.5 gm. 


37 
OSI 


Maximum = +S8.67 Chomogeneous) 


me substance: 12 7H) me CO, and 4 730 me. 
Caleulated. C742, H114 
“7 1 Found 
De canme Chloride 50 gm. of 4-methylhexanoie 
acid, = +4.1.6°, were treated with gm. of thionyl chloride. 
This solution was refluxed for 2 hours. The excess thionyl chlo- 
ride was distilled off. The prodiuet was then distilled. B.p. 
at SOmm. Yield 45 em. 


? Levene, P. A., and Marker, R. J. Biol. Chem., 77 (19381) 
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+146 
1 og 
3 
Maximum [Mi = +190) Chomogeneous) 


3 O11 me. substance: 6 IS2 me. CO, and 2 12) me HO 


470° * Ag 


ride, iM = 2.33", were dropped slow! 
at —10°. The amide was worked up as usual, and after recrystal- 
lization had the following rotation. 


lim) 
33 - - 


i 33 
NIaximum M t» ‘ aleohel) 


Dertro-5-Methylheranenitrile AO gm. of 4-methvihexaneamude, 
= +2 (75 per cent aleohol), were heated with gm. of 
phosphorus pentoxide, The nitrile was then distilled at reduced 
pressure. Yield 20 gm. after purification Bop. 105° at 100 nm. 


1 x 


A duplicate preparation gave the same reading» 


4 700 mg. substance: 0 S34 ec. N, at 19° and mim 
CHAN G11.1). Caleulated, N 12 @; found, N 12 70 
Lh rlro- th lhe plane tii at |. 
hexane, 


were added to a solution of 12 gm. of potassium evanide in 30 ce, of 
water ana 120) tii. of absolute ethanol, The solution Wits refluxed 
for 38 hours. The nitrile was isolated as deseribed. Bop. 115 
133°, p = 100 mim Yield 17 gm (in vacuo). 
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la +451 ; ~ +o td 
i 


Maximum +17.3° (homogeneous) 


5 (2 me. substance: 14.125 me CO, and 5 340 me. HO 
CHUN. Caleulated. C 76.7, H 12.1 


evo~j-Methylhe plane Chloride 30 gm. of d-methvlheptanoie 
acid, [MI 172° (homogeneous), were treated with excess of 
thionv! ehlorde as usual The substance was then fractionated. 
Bop. S2° at 30mm. Yield 30gm. d? = 0.953. 


3 


- 


705 mag. substance: 4 00 mg. silver chloride 
CHOCT (626). Caleulated, Cl 21 2; found, Cl 21 09 


j-Methythe ptancnitrile 30 gm. of 4-methylheptanoie chlo- 
ride, 1.69° (homogeneous), were converted into the 
nitrile through the amide. The produet was distilled under re- 
duced pressure. Yield Bop. 125° at 100mm. = OSIS. 


al, 040°; = 


1275 me substance: 0 ec. N, at 21° and 730 mm. 
C.HON (125 1). Caleulated, N 11 2: found, N 11 2 


Lh throw nitrile This compound Wits prepared 
from 2-methvihexanae acid, 


= +374 (homogeneous) 
OF 


* Levene, P. A., and Mikeska, L. A., J. Biol. Chem., 64, 571 (1929). 
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by the usual set of reactions. B.p.75 77.5°,p = 20mm. d7 = 
0.7962 (in vacuo), a= = 1. 4062. 


Maximum Mi; (homogeneous) 


+4071 TO) 


ail... = +947°; (MP. = +105 
Maximum $52.5 (Cheptane) 


4.530 mg. substance: 12 5S) me. CO, and 4 700 me. HO 
C-H,N. Caleulated. CC 75.59, SI 
bound 


Lh rlro-3-Methyth plan nitrile $-Methylheptanoic send, 


ay 2604) Chomogeneous) 


was converted into the chloride, then into the amide, and finally 


into the nitrile as usual. Bop. 48 52°, p = OSmm. = 
(am vacuo), 
i OS10 
wine 
Maximum = (heptane) 


lh rlro- Mi th yloctane te tii. of 

heptane, 

» 

al; 1x 1108 = +S.14 Chomogeneous) 
were added to a solution of 19 gm. of KCN in 32 ce. of water and 
240 cc. of ethanol. This solution was refluxed for 2 days and the 
nitrile was isolated as usual. B.p. 119°120°, p = 30mm. Yield 
30 gm. = OS164 (in vacuo), 1.4245. 


=> 
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145° 
Maximum (homogeneous) 
—2050° & 100 
11.78 


—1.75°; IMB = —2.44" 


Maximum [Mise ~2.63° (heptane) 


t 22 and 761 mm 


5 340 me. substance: 0 478 ee. N, at 22 
C,H,N (139.2). Caleulated, N 10 1; found, N 10 3 
gm. of 5-methylnonanoie 


he thylnona ( ‘hloride 


acid, [M|* = —0.99° (homogeneous), were treated with 100 gm. 
The product was then dis- 


of thionyl chloride in the usual way. 
Bp. at Mmm. d = 0.970. 


tilled. 
03° 
(homogeneous) 


Maximum 
of 5-methvinonanoic chloride, 


Levo~j-Methylnonancamide 
IM\2 - 2.02" (homogeneous), were dropped into 200 ec. of am- 
The amide was purified by erys- 


monia as previously deseribed. 


tallization. 
= —0.53°; IMI, = —0.91 


“a 
1.00 
33 
Miaximum (Mi, (75°) aleohol) 
gm. of I-bromo-4-methvloctane, 


Levaese Me thyulnonane nitril 


( weneous ) 


were treated with KON as usual. Yield of nitrile 12.5 gm. B.p. 

% 102°, p = 12mm. dy = O.SIS7 (in vacuo). n® = 1.4290, 


S10 


Chowne meneous ) 


Maximum Mj), « 
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le 

Je 
= ] 


‘ ‘iy? 


iM 


a ‘ 
Maximum = 44 (heptane) 


{1 substance: 0 Ql and 
(153 2). Caleulated, N 9 1; found, No 4 


a = 0 from 5-methvlnonanote acid, |M 0.00" 
were brominated with 100 gm. of phosphorus tribromide a= usual 
at Yield 50 gm = 1.062 


gt 
1 Loe 
Maximum = 53 Chomogeneous) 


6 900 mg. substance: 13 770 me. CO, and 5 765 me Hw 


Il. Ihr Caleulated C543. 


when refluxed with KCN in SO per cent alcohol, yielded 9 gi. of 


nitrile. ] It) lis’, = “ay ia, race) 
] 
ay NM. tm 
x 
Miaximum Al | ( 
a (MP 
1272 
Maximum [MPP 19° (heptane) 


3 210 mg. substance: 340 mg. CO, and 3 710 me 
Caleulated. C H 12 67 
167 2 Found ** 12.93 
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OPTICAL ROTATIONS IN HOMOLOGOUS SERIES OF 
ALIPHATIC AMINES 


ity P. A. LEVENE R. E. MARKER 


Wire roe Assistance or Manri~n 


(Preven the aberatortes The Rocke te ller trate for Research, 
Ne pork) 


(Reeeived for publication, May 20, 1036) 
CH, 
Primary Amines of the Type N (XN = NU) 
(CH). CH, 


The conduct of amines of the above type was analyzed with the 
object of comparing the partial rotation of the amine group with 
that of the hydroxyl group in substances differing structurally 
only in N (NX NH, or OH), 

The configurational relationship of the amines to be discussed 
here was established by the mode of their preparation either from 
the nitriles or from the bromides of known configuration. 

In Table I the rotations of the homologous series of amines are 
compared with those of corresponding carbinols. It may be men- 
tioned here that the amines given in the third column of Table I 
were analyzed in greater detail, for the reason that more material 
was avalible. Besides, all the substances of this series were 
prepared Independently by two workers. There are recorded 
many observations tending to show that the amine group, with 
respect to its partial rotation, funetions very similarly to a hy- 
droxyl group. In primary aliphatic carbinols the changes of rota- 
tion with the inerease of the values of nm) and of ny are very signifi- 
eant; the question is whether a similar state of affairs can be 
observed in the corresponding amines. The answer to the question 
sgiven in Table I 

Three important conclusions emerge from the observations re- 
corded in Tables Land I 
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1. The maximum rotations of the corresponding members of the 
two groups of substances are of the same order of magnitude. 

2. The molecular rotations decline with the progressive increase 
in the value of nm, and the sign of rotation changes when n, = 
no+ 1. (The 0 values in the case of carbinols do not indicate loss 
of asymmetry, inasmuch as the same carbinols on bromination 
form optically active bromides which, in turn, lead to optically 
active carbinols.) Hence, in the case of the primary amines, the 
NH, group functions similarly to an OH group. 

3. In Table IL are given the rotations of the hydrochlorides of 
the bases containing an ethyl or a normal butyl group. From 
Table IL it can be seen that with the progressive increase in the 
value of m, there occurs a yp criodic change im the direction of the 
shift of rotation. 

Thus, the free amines rece led in Table funetion (with respect 
to their optical activity) = cilarly to the carbinels, whereas in 
state their behavic resembles Closely that of the acids 
and of the aldehydes 


Dextro-1-Amino-3-M thyl pr ntance’ 9.5 gm. of py 
nitrile, la]? = + 1.97° (homogeneous), were dissolved in methanol, 
Raney’s catalyst was added, and the solution was shaken with hy- 
drogen at atmosphere pressure for 2 days. The catalyst was 
filtered off, and hydrogen chloride in methanol was added to the 
filtrate. This was es aporated ary ness With benzene The cTVs- 
tals were taken up in petroleum ether and filtered. Yield 10 gm 

The rotation ol the Wis 


a +217 


Maximum = Chwdrochloride in HA)) 


ial, = = $2.30"; Mi, = +241 
| 


23 
Maximum Mi, = +10.0 (free amine in 445) aleohol} 


5.790 mg. substance: 0.500 ec. N, at 24° and 757.5 mm 
C (137.6). Caleulated, N 10.18; found, N 10.07 


Levene, P. A., and Marker, R. E., J. Biol. Chem., T7 (19381) 
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Dertro-1-A 13° gm. of 4-methylhexane- 
nitrile, fa! = +5.71° (homogeneous), were dissolved in methanol 
and reduced with hydrogen in the presence of Raney’s catalyst. 
About 3.5 liters of hydrogen were absorbed. The catalyst was 
then filtered off. Hydrogen chloride in methanol was added to 
the filtrate, and this was then coneentrated to dryness under 
reduced pressure. The residue was dissolved in benzene and again 
concentrated to dryness. The erystals were taken up in pentane 
and filtered. Yield 17 gm. 


{S01 mg. substance: 0.3902 ec. N, at 24° and 751 mm. 


me CO, and 4.500 me. HO 
Caleulated. C 3°41, H 11.06, N 0.24 


The hydrochloride was dissolved 1 50 per cent NaOH, and the 
free amine was extracted with ether The extract was dried over 
metallie salam. The amine dist ed at SO", p = 90 mm. 


= +3.73 ; = +4.90 
Maximum = +11.7° Chomogeneous) 


$.2524 gm. of the amine were neutralized with | equivalent of 
HCl and diluted to 20 ce. with water. 


alan. = +3.21 ; = $4.57 


Miaximum @ +13.2 (Chwdrochleride in HO) 


De gm. ot 5-methylheptane- 
nitrile, fa}? + 4.51" Chomogencous), were dissolved in methanol, 
and Ranev's catalyst was added. This was shaken in 1 atmos- 
phere of hydrogen for S hours. The amine hydrochloride was 
isolated as deseribed above. The rotation was as follows: 

X 100 


Maximum = +15.7° (hydrochloride in aleohol) 


iy 
-- 
ba 
= 
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+025 
la), = IMJ? = +5.20 


Maximum = +16.0° (amine in aleohol) 


4.910 mg. substance: 10.475 mg. CO, and 5.200 mg. HO 


650 * ec. N, at 22° and 771 mm 
Caleulated. C 58 0,H 12.2, N 8.5 


Dextro-1-A mino-j-M ethylhe plane 15 gm. of 4-methylheptane- 
nitrile, IM]? = —O50°, were reduced by 60 gm. of sodium in 
600 ce. of absolute aleohol. The amine was purified through its 
hydrochloride. B.p. 165° at 760 mm. = 0.784. 
+1) 


O7M 


Maximum = +0.68° (homogeneous) 


0.0904 gm. substance: 7.65 c¢. 0.1 x hwdrochlorie acid 
(129.15). Caleulated, N 10.8; found, N 107 


Levo-1-Amino-2-Methylherane 5 gm. of 2-methyvlhexanenitrile, 
la]? = +9.05° (homogeneous), were dissolved in methanol and 
shaken with hydrogen at atmospheric pressure, in the presence of 
Raney’s catalyst, for 24 hours. The amine hydrochloride was 
isolated as usual. 


Maximum —IS2 (hydrochloride in methanol) 


Free amine* 18.2 = (amine in ether) 
413 
5.805 mg. substance: 0.472 cc. N. at 28° and 763 mm 
NCI (151.6). Caleulated, N 9.24; found.N 9.25 


Levo-1-A mino-3-M ethylheptane 3-Methylheptanenitrile,la|? = 
+2.96° (homogeneous), were reduced with Raney’s catalyst in 
methanol with hydrogen at atmospheric pressure as usual. The 
hydrochloride had a rotation of 


? Levene, P. and Mikeska. L. A.. J. Biol Chem BA, SSS (1929) 


> 
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‘ +0.16° 100 
5.00 = ; = +1.32 


Maximum +2.13° (hydrochloride in methanol) 


The free amine was isolated from the salt as usual. B.p. 65 66°, 
p= 1 mm. 


Maximum = —1.72° (homogencous) 


1370 me. substance: 11.000 me. CO, and 5.7530 mg. 
CHiN. Caleulated. C 74.31, H 14.85 


129.2 Found. 


7 gm. of 4-methyloectanenitrile, 
lal = —1.04° (homogeneous), were reduced with hydrogen in 
the presence of Raney’'s catalyst, as described above. The hydro- 
chloride was isolated as usual. 

018° 100 
la), = = (Ml, = —0.50 
Maximum (Mi, = —0.63° (hydrochloride in methanol) 


-_ 


The free base was isolated as usual. Bop. 75-77", p = 13 mm. 


0.780. 


$420 me. substanee: 12.905 mg. CO, and 5.870 me. HO 
(.H.N. Caleulated. C 75.43, H 14.79 
143.2 Found. “70.46, 14.86 


Levo-l-Amino-5-Me thyulnonane gm. ot S-methvinonane- 
nitrile, fa!” =< —1.75° (homogeneous), were dissolved in methanol 
and reduced with hydrogen in the presence of Raney’s catalyst. 
The hydrochloride was isolated as usual. 


. 
12 


0.30"; = —0.58° 
4x 100 


Maximum (Mi, = —1.15° (hydrochloride in methanol) 
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The free base was liberated and distilled. Bop. 92° at 15 mm. 


Yield 10 gm. d*} = 0.799. 


1 
Maximum = —0.75 Chomogeneous) 


substance: 5.30 ec. N. at 23°) and 763 mm 


54.48 me 
(157.2). Caleulated, N 8.91; found, N 


Levo-1-A mino--Methyldecane 20 gm. of 6-methyldecanenitrile, 
= - (homogeneous), were reduced with of 
sodium in absolute aleohol. After purifieation through its hydro- 


chloride, the amine boiled at 113°, p = 15 mm. Yield 19 gm. 


d= = ().798. 
040 
= = —O61": = —1. 
Maximum 244 (homogeneous) 
yin 


Maximum (Mj, = —3.47 (hydrochloride in water) 


i 3.710 mg. substance: 10.540 mg. CO, and 4.745 me. Hw 
{00 295 ce. N, at 25° and 763 mm 

CHAN. Caleulated. C 77.1, H 14.7, N8 


* 
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NOTE ON THE HYDROGENATION OF PHENYLATED 
CARBINOLS 


By P. A. LEVENE 
Wirn tHe Assistance or Martin Kuna 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Reeeived for publication, May 29, 1936) 


On the occasion of hydrogenation of phenylated carbinols pre- 
viously reported! the predominating product was a hydrocarbon, 
the eyelohexylearbinol constituting by far the smaller portion, so 
that its purification required great care. Inasmuch as the hydro- 
genation then undertaken had for its object the comparison of the 
rotations of the evelohexy! and of the phenyl derivatives, the 
question of the purity of the former was of great importance. It 
was therefore desirable to seek conditions under which the forma- 
tion of the hydrocarbon could be avoided. Change in the nature 
of the catalyst did not lead to the desired result. Change in the 
solvent, however, did. Thus in a solution of methanol Adams’ 
catalyst fails to affeet the hydrogenation of the benzene ring. 
However, in methanol containing 10 per cent of glacial acetie acid 
the reaction stops at the formation of the eyclohexvlearbinol, the 
fraction of the hydrocarbon being minimal. 

This selective action of the solvent was found to be helpful when 
it was desired to hydrogenate the side chain, leaving the benzene 
nucleus unchanged. Thus phenyvlated azides and phenylated 
nitriles are readily reduced to the amines, even under pressure, 
leaving the benzene nucleus mtact. 

The relationships of the rotations of the phenyvlated and eyelo- 
hexviearbinols reported by Levene and Stevens? are substantiated 
by the present experiments. 


‘Levene, P. A., and Stevens, P. G., J. Biol. Chem., 89, 471 (1930). 
? Levene, P. A., and Stevens, P. G., J. Biol. Chem., 87, 375 (1930). 


wd 


276 Hydrogenation of Phenylated Carbinols 


EXPERIMENTAL 


Reduction in Methanol and Acetic Acid®--12 gm. of methyl- 
phenylearbinol, 


—— +714 (homogeneous ) 


were dissolved in 25 cc. of a solution contaming 90 gm. of methanol 
and 10 gm. of glacial acetic acid. O.5 gm. of Adams’ catalyst was 
added and the mixture was reduced with hydrogen under a pressure 
of 45 pounds for 16 hours. The catalyst was filtered off, and the 
filtrate was distilled at atmospheric pressure to remove the meth- 
anol. The residue was taken up in ether and washed with potas- 
sium carbonate solution. The extract was dried over anhydrous 
potassium carbonate. The earbinol was then distilled. Yield 


6.5 gm. B.p. 77-78°, p = 12mm.;and 112°, p = 55mm. = 
1.4645. 
SS 
lal. = 0 908 = | (homogeneous) 


The substance analyzed as follows: 
4.525 mg. substance: 12.480 mg. CO, and 5.090 mg. Hw) 


Caleulated. C 74.92, H 12.59 
128.1 Found. 75.21, ** 12.58 
In another experiment 10 gm. of inactive carbinol, when shaken 
with 0.5 gm. of catalyst in 25 ce. of the solution for 4S hours, gave 
a pressure change of 24 pounds. The yield of carbinol was 5 gm. 
Reduction in Glacial Acetic Acid'—10 gm. of inactive methyl- 
phenyiearbinol were dissolved in 25 ce. of glacial acetic acid. 
0.5 gm. of Adams’ catalyst was added, and the mixture was shaken 
in the presence of hydrogen at an initial pressure of 45 pounds for 
16 hours. ‘The final pressure was 21 pounds. The substance was 
isolated as usual. Fraction I, b.p. 133-140°, p = atmospheric 
(ethyl benzene fraction); Fraction IT, b.p. S86 S7°, p = 13 mm. 
Weight 3.5 gm. n> = 1.4644. 
4.398 mg. substance: 12.100 mg. CO, and 4.935 me. HO 
C.H,O. Caleulated. 74.92, H 12.59 
128.1 Found. 13.46 


7A Burgess-Parr Illinois model hydrogenation apparatus was used for 
all the experiments. 


> 
s 


P. A. Levene 277 


In another experiment 10 gm. of earbinol with 0.7 gm. of catalyst 
in 25 ec. of glacial acetic acid, when shaken for 40 hours, gave a 
pressure change of 29 pounds. The yield of carbinol was only 1 gm. 

Reduction in Methanol—10 gm. of inactive methylphenylear- 
binol were dissolved in 25 ec. of methanol, and 0.5 gm. of Adams’ 
catalyst was added. This was shaken in the presence of hydrogen 
| at a pressure of 47 pounds for 16 hours. The pressure at the end of 
this time was 46 pounds. The mixture was filtered and the filtrate 
distilled at atmospheric pressure to remove the methanol. The 
carbinol was distilled. B.p. 88-89°, p = 13 mm. Weight 8.5 gm. 


= 1.5250. 


4 O08 mg. substance: 14.160 mg. CO, and 3.690 mg. HO 
C.H,O. Caleulated. C 78.64, H 8.27 
122. Found. 


In an identical experiment, shaking for 48 hours produced the 
same result. 


| 
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THE RELATION OF THE ADRENAL MEDULLA TO THE 
EFFECT OF INSULIN ON PURINE METABOLISM 


hy LARSON ano GEORGE BREWER 


(From the Department of Physiology, Georgetown University School of 
Medicine, Washington) 


(Received for publication, May 26, 1996) 


In previous communications it was shown that the subeutane- 
ous injection of insulin led to an inereased excretion of allantoin 
in the ordinary breed of dog (1), whereas in the Dalmatian coach- 
dog this hormone effeeted an inereased excretion of urie acid (2). 
In the latter breed, the inereased exeretion of urte acid in the 
urine aecompantied a rise in the blood urie acid level. That the 
nse in the blood une acid was secondary to the hypoglycemia 
rather than a direct effeet of insulin was shown to be the case when 
it was observed that this rise did not occur if glucose sufficient to 
prevent the fallin blood sugar was administered prior to the in- 
jection of insulin.  Sinee hypoglycemia may be a suffieient stimu- 
lus to evoke an increased seeretion of epimephrine from the adrenal 
gland, the hypothesis was entertained that it was by way of 
epinephrine that insulin affeeted the purine metabolism. In a 
third communication, Chaikoff, Larson, and Read suceeeded in 
showing that the subcutaneous injection of epinephrine increased 
the exeretion of allantoin in the ordinary breed of dog as well as the 
excretion of both allantoin and urie acid in the Dalmatian coach- 
dog (3). Again. in the latter breed, the inereased excretion of urie 
aeid in the urine accompamed a rise in the blood urie acid level. It 
therefore seemed entirely likely that epinephrine was the direet 
stimulus to the increased exeretion of allantoin and urie acid ob- 
served under the influence of insulin. 

Definite proof for the proposed mechanism for the effeet of in- 
sulin on purine metabolism necessitates observations on the effect 
of insulin on purine metabolism in the absence of the adrenal 
medulla. To supply these has been the purpose of the present 
Investigation. 
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EXPERIMENTAL 


rative Procedure Female dogs were used in these exper 
ments. Operative removal of the adrenal medulla was performed 
in two stages, either the night or left adrenal being removed at 
one operation and after complete healing and good scar formation 
adrenalectomy of the opposite side was performed. A small seg- 
ment of each gland containing no apparent medullary tissue was 
left intact. Postoperative care was concentrated on keeping the 
animals warm at all times and on preventing wound infections 
or healing them if they occurred. 

Dog P--Partial adrenalectomy on the left side was performed 
on December 16, 1935, a small cortical remnant of the lower 
pole of the gland being left intact. On January 16, 1936, 
partial adrenalectomy on the right side was accomplished and 
a long longitudinal strip of cortical tissue was left) which 
showed no admixture of the dark medullary substance. Recov- 
ery was rapid and the animal was placed on a special diet, as 
described below, January, 25, 1936. 

Subsequent to the experiment an autopsy Was periormed on 
March 17, 1936. There were no gross pathological lesions. 
Study of tissues in close relation to the site of adrenalectomy on 
the right side showed no remaining adrenal tissue. On the left 
side, there was grossly one small nodule of glandular tissue. 
Serial sections through this nodule showed a small island of 
medullary tissue imbedded in cortical cells. It was estimated 
that the amount of remaining medullary tissue represented about 
3 to 5 per cent of the medullary portion of the intact gland. 

Dog V-—Right partial adrenalectomy was performed on Janu- 
ary 29, 1936. In this operation two slices of cortex were left 
behind, one from the upper and one from the lower pole of the 
gland. Following the left partial adrenalectomy on March 3, 
1936, during which a portion of the lower pole was left intact, 
the subsequent recovery of the animal was uneventful. 

After completion of the experiment, an autopsy was performed 
on April 27, 1936. Histological examination of the remaining 
adrenal tissue showed on the left side one fragment of glandular 
tissue containing about 3 per cent of the amount of medullary 
substance ordinarily found in the entire gland. The remaining 
glandular tissue on the nght side revealed approximately the 
same proportion of medulla as found on the left side. 
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No separate tests were conducted to determine the activity of 
the remaining medullary tissue found at autopsy. However, in 
regard to the present experiment, it possessed no apparent physi- 
ological activity. 

Care of Animals — Following postoperative recovery the animals 
were kept in metal metabolism eages and fed a synthetie diet 
devised by Cowgill (4). The diet, which included Karr’s salt 
mixture (5), was thoroughly mixed in quantities sufficient for 
each complete experiment. The uniformity of the mixture was 
tested by nitrogen determinations on random samples. Fat, con- 
sisting of 17 gm. of lard and 9 gm. of unsalted butter per 100 gm. 
of the above mixture, was added at each feeding. Each dog re- 
ceived about 70 calories per kilo of body weight and maintained a 
good appetite throughout the experiment. 10 days of feeding 
sufficed to bring the animals into nitrogen equilibrium. 4 days 
of an equilibrium in which the daily exeretion of nitrogen did not 
vary by more than 0.20 gm. were accepted as a suitable control 
period prior to the imjeetion of insulin. 

The dogs were fed once each day and catheterized twice daily. 
The time intervals of catheterization were planned with respect 
to the time of feeding so that samples of urine were obtained for 
the 5 hour interval prior to feeding and for the 19 hour interval 
after the ingestion of food. 

All injections of insulin and epinephrine were made subcutane- 
ously. With one exception, the insulin dosage employed was 0.5 
unit per kilo of body weight, a dose which has been shown to affect 
the purine metabolism of the normal dog (1). In Dog V it was 
deemed advisable to give a slightly smaller dose at the time of 
the second injection, inasmuch as 0.5 unit per kilo resulted im 
noticeable symptoms of hypoglycemia on the date of the first 
injection. It may be said that both animals showed a much 
greater sensitivity to insulin than does the normal dog. The 
doses of epinephrine used were ones which, when given to the 
dog in this manner, have been shown to be insufficient to raise 
the blood pressure (th). 


Methods 


The following analytical procedures for urine were employed: 
total nitrogen, Kjeldahl method: allantoin, the method of Read 
and Chaikoff (7). 
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E ff. ct of Ine uli and E pine phrine on Allantor fron of Par tially 
Adrenalectomized Dogs 


Allantoin N Tetal N 
Date 
19 bre 5 hre 24 here 19 bre 5 24 
gn grr yrs gre 
Dog P Feb. 4 0173 O O48 221 37 
164 0210 3°58 O57 
160 0046 215 3 72 4: 
7 0 174 222 425 
11 143 O48 241 3.45 58 
12 OO 211 3) 
13 “174 3°58 $42 
16S 
Dog V Apr. 8 0 134 357 4 
i7 0023 ise 3M) 3. 
Is 0 058 0.172 3 4 


Dog P——This dog was catheterized at 845 a.m. and 1.45 pm. daily; fed 
at 1.50 p.m. daily. Diet: 0) gm. of diet mixture plus 15 gm. of lard plas 
S gm. of unsalted butter. Diet N = 5.45 em. per 100 gm. of diet mixture 
On February 8, 4 units of insulin were injected subcutaneously at 8.50 a.m 
On February 10, 0.8 mg. of epinephrine was injected subcutaneously at 8.50 
a.m. On February 13, 4 units of insulin were injected subcutaneously at 
S50 a.m. The period of 19 hours represents the interval from 145 pom. te 
8.45 a.m.; the period of 5 hours, from S45 am. to 145 pm. The dog 
weighed 7.9 kilos 

Dog V—This dog was catheterized at 10.00 a.m. and 3.00 p.m. daily; fed 
at 3.05 p.m. daily. Diet: So gm. of diet mixture plus 14 gm. of lard plas 
7 gm. of unsalted butter. Diet N = 5.53 gm. per 100 gm. of diet mixture 
On April 16, 3.5 units of insulin were injected subcutaneously at 10.05 a.m 
On April 18, 1.0 mg. of epinephrine was injected subcutaneously at 10.05 
a.m. On April 21, 2.5 units of insulin were injected subcutaneously at 
O15 am. The period of 19 hours represents the interval from 3.00 p.m. to 
10.00 a.m.; the period of 5 hours, from 10.00 am. te 3.00 pm. The dog 
weighed 7.0 kilos. 
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Results 


The effect of insulin and epinephrine on the excretion of allan- 
toin in two partially adrenalectomized dogs is shown in Table I. 
Exsentially the same results were observed in both animals. 

Deg P ~The 5 hour exeretion of allantoin nitrogen on the 4 
days prior to the first injection of insulin remained quite constant, 
varving from 46 to 48 mg. Following the injection of 4 units of 
insulin there was no inerease in the elimination of allantoin nor 
was the amount of allantoin excreted during the next 19 hours 
increased. However, when O.S mg. of epinephrine was injected, 
the allantoin nitrogen exereted for the 5 hours thereafter rose to 
71 mg., an increase of 48 per cent, and the excretion for the sub- 
sequent 19 hours showed an inerease of some 20 mg. above the 
control level. A second injection of 4 units of insulin led to no 
change in the allantoin exeretion either in the 5 hour period there- 
after or in the sueceeding 19 hour interval. 

Dog V— In this animal essentially the same results were ob- 
tained as in Dog P. On two occasions the injection of insulin 
led to no inerease in the allantain excretion, whereas when 1.0 
mg. of epinephrine was injected, the allantoin exeretion for the 
5D hour period thereafter showed an increase of 140 per cent above 
the control level. 7 

It may be noted that the daily excretion of allantoin nitrogen 
by Dog P was unusually high. In our experience, on only one 
previous oceasion has a similar level of allantoin elimination been 
observed in the dog. However, this high rate of allantoin exere- 
tion did not prevent the establishment of a constant daily allan- 
toin balance and in no wise affeeted the objects of this experiment. 


St MMAKY 


Insulin, administered subcutaneously im amounts that produce 
a marked increase in the allantoin exeretion by normal dogs (1), 
has no effect on the allantein output of dogs from which the 
adrenal medulla has been removed. The same marked increase 
in purine excretion whieh followed the injeetion of epinephrine in 
the normal dog (3) has been shown to follow the injeetion of this 
hormone in adrenalectomized animals. 

We conclude: 

1. That insulin per se has no effect on purine metabolism. 
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2. That epinephrine can accelerate the rate of purine metab- 
olism in the adrenalectomized dog. 

4. That the increased purine elimination observed to follow 
the subcutaneous injection of insulin in the intact dog (1, 2) is 
dependent upon the ability of insulin hypoglycemia to effect an 
Inereased secretion of epinephrine from the adrenal medulla. 


We wish to express our gratitude to Professor James F. O’ Don- 
nell of the Department of Anatomy for the necropsy studies of 
our material, 
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DERIVATIVES OF GLUCURONIC ACID 
VIl. THE SYNTHESIS OF ALDOBIONIC ACIDS* 


ROLLIN D. HOTCHKISS ano WALTHER F. GORBEL 


(Prom the Hospital of The Rockefeller Inatitute for Medical Research, 
New York) 


(Received for publication, May 16, 19396) 


In Paper VI of this series, the preparation of a-bromotriacetyl- 
glucuronic acid methyl ester was described (1). It was shown that 
when the latter derivative is condensed with aleohols in’ the 
presence of silver oxide, the corresponding 8-glucuronides are 
formed. The suggestion was made that the successful preparation 
of acetobromoglucuronie ester should make possible the synthesis 
net only of glucuronides, but of aldobionie acids as well. 

Aldobionie acids may be defined as disaccharides containing a 
uronic acid as one of the sugar components. These sugar acids 
were first found among the hydrolysis products of the type-specific 
polysaccharides of certain eneapsulated bacteria (2). Aldobionie 
acids have sinee been obtained from a variety of plant gums. 
Thus, when gum acacia is hydrolyzed with dilute mineral aetd, 
there is obtained an aldobionie acid, galactose ghucuromide (5, 4). 
Challinor, Haworth, and Hirst (5) have shown this substance to 
have the structure of a galactopyranose-ti-glucuronopyranoside 
and have suggested that the biose linkage possesses the 3 configura- 
tion. The present communication deseribes the chemieal syn- 
thesix of thix aldobionie acid, and of a second aldolionic acid, the 
heptaacetyl methyl ester of glucose--3-glucuronide, 

By using « reaction similar to that employed by Freudenberg, 
Noé, and Knopf in synthesizing the disaccharide galactose-t-s- 
glucoside (6), it has been possible to prepare synthetically an aldo- 
hionice acid identical with that obtained from gum acacia. When 


* For preliminary communications see Scrence, 83, 353 (1996); J. Am 
Chem. Seoe., 58. 
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1,2,3,4-chacetonegalactose is condensed with a-bromotriacetyl- 
glucuronic acid methyl ester in ether solution in the presence of 
silver oxide, diacetonegalactose-6-3-t riacetylglucuronide methyl 
ester is produced. Upon saponification with barnim hydroxide 
and subsequent removal of the acetone groups by baling with 
dilute sulfune acid, the erystalline aldoliome acid is obtained. 
The synthetic acid is identical in properties with the naturally 
occurring aldolnome obtaimed from gum acama, and the 
melting point of a mixture of the two substances shows no depres- 
sion. Unless inversion has occurred, the synthetic acid must 
possess the 3-biose configuration, Inasmuch as the acetobromo 
derivative of glucurome acid from which it is prepared has been 
found to yield only 8-glucuronides (1). It is therefore possible 
to confirm the suggestion of Challinor, Haworth, and Hirst that 
the aldobionic acid of gum acacia has the 8 configuration, as shown 
in Formula I. 


Coon if 
On 
OH H OH OH 
On 


Further confirmation of the identity of the =vrithe tie and natural 
aldobionic acids was afforded by the preparation of the correspond- 
ing heptaacetvl methyl esters. In cach case the aldolnome acid 
was converted into the methyl ester by the action of diazomethane, 
followed by acetylation with acetic anhydride and pyridine. 
There was obtained, from both the synthetic and the natural 
acids, the same erystalline heptaacetyl methyl ester, possessing 
well defined and identical physical properties. 

The synthesis of the aldobiome acid of gum acacia, already 
shown by Challinor, Haworth, and Hirst to be a glucuironopyrano- 
side, indicates that the acetobromeo derivative of ghiucurome acid 
methyl ester itself is a pyranoside. This bromo derivative may 
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therefore be assigned the strueture 1-(a)-bromo-2 .3 ,.4-triacetyl- 
glucuronic acid methyl ester, 

Disaecharides have been synthesized by Helferich and his co- 
workers by condensing 1,2,3 .4-tetraacetyl-3-glucose with aceto- 
brome sugars (7). ‘The synthesis of the heptaacetyl methyl ester 
of the aldobionie acid, glucose-6-8-glucuronide, has been accom- 
plished by condensing 1.2.3, 4-tetraacetyl-3-glucose with 1-bromo- 
2.3. 4-triacetylglucuronic acid methyl ester in chloroform solution 
in the presence of silver oxide. 3-Heptaacetylglucose-t-3-glucu- 
ronide methyl ester, represented by Formula I], is obtained as a 


COOCT, 
iH iH 
(Ac H 
iH OAc OAc 
il 
crystalline substance with the speetfie rotation lal, = 11.0. 


Inasmuch as the aldobionice acid glucose--3-glucuronide may be 
considered as derived from the disaccharide gentiobtose (ghicose-t- 
B-glucoside), the name acid methyl 
ester is suggested for the synthetic derivative. 

The synthetic 8-heptaacetate of gentiobiuronic acid methyl ester 
has been converted inte its a isomer by the action of zine chlonde 
in acetic anhydride solution. The difference in molecular rotation 
of the a and 8 forms in chloroform is 39,500°, a value in close 
agreement with the known differences in molecular rotation of the 
a and isomers of sugar acetates, 


EXPERIMENTAL 


Synthesis of lene galactose 3, ,-Triace tulglu- 
curonide Methyl Ester To 44 gm. ot dhacetonegalactose (S), 
dissolved in LOO ee. of anhyvdrots ether, were added 3.5 (Ett. of dry 
silver oxide and 6.75 gm. of a-bromotriacetylglucuronie acid 


methyl ester (1). The mixture was shaken until the solution no 
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longer contaimed the free bromine derivative. After filtering, the 
solution was evaporated mm racuo to a syrup. The latter was 
dissolved in 35 ec. of ethyl aleohol and treated with 10 ce. of water, 
After several hours 3.6 gm. of colorless needles were obtained, 
Which on reerystallization from 50 per eent ethyl aleohol vielded 
3.0 gm. of pure diacetonegalactose tnacetylghucuromde methyl 
ester melting at 112.5 114° (Guncorrected). The derivative is 
easily soluble in acetone, ether, methyl and ethyl aleohols, and 
chloroform. 


lal, = —68.0° in chloroform (¢ = 2.0 per cent) 
Analyses 
Caleulated. C 52.06. H 6.30. OCH, 5.48. COCH, 22.4 


Preparation of the Synthetic Aldolnonie Acid, Galactose--3- 
Glucuronide 2.5 gm. of diacetonegalactose triacet yighicuronide 
methyl ester, prepared as above, were dissolved in- 100 ee. of 
acetone and treated with 42 ce. of O44 NS (4.2 equivalents) of 
barium hydroxide solution. After the addition of 20 ec. of water, 
the solution was left at room temperature for 4d hours. The barium 
was precipitated with N sulfune acid and the filtrate evaporated 
in vacue to remove the acetone. The residue was taken up in 150 
ce. Of 0.02 NS sulfune acid and boiled for 1] hours. After cooling, 
the sulfuric acid was removed quantitatively by precipitation with 
barium hydroxide, followed by centrifugation to remove bartum 
sulfate. The supernatant liquid was extracted once with ether 
to remove traces of condensation products of acetone and then 
concentrated in vacuo to a syrup. The syrup became erystalline 
on stirring with a small amount of water at A total of 1.5 em. 
(92 per cent of the theoretical amount) of colorless needles of the 
aldolnonic acid hydrate were recovered. The substance melted 
at 11S-120° (uncorrected) with effervescence. A sample of aldo- 
biome acid prepared from gum acacia melted at 116- 119° Cauncor- 
rected). A muxture of this natural acid with the svnthetic product 
melted likewise at 116-119". 

la} 2 = +9.4° in water (after 3 minutes), changing to a final value 
of —7.3° within 2 hours (¢ = L percent). The natural aldolionic 
acid hydrate gives an initial specific rotation of 4+-10.5° (after 2 
minutes) and a final value of —-7.8° (3). The hydrate lost 2 moles 
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of water of erystallization on drying at 100° to constant weight. 
A weighed sample of the dried aldobionie acid, when analyzed by 
the method of Willstatter and Sehudel (9), utilized the theoretical 
quantity of standard iodine solution. Thus, 0.574 gm. of aldo- 
bionic acid reduced 6.31 ce. of 0.05 NS iodine solution (caleulated, 
H.45 

When the synthetic aldolionie acid is converted to the hepta- 
acetyl methyl ester by the method desernibed below, the purified 
dennvative thus obtamed melts at 200- 201° (uncorreeted). The 
latter resembles in appearance and solubility the same derivative 
obtained from the natural aldobiomie acid. A mixture of the two 
substances melts at 200: 201°. The identity of these derivatives 
seems, therefore, to be definitely established. 

Preparation of the Methyl Ester of Calactose-4i-3-Clucuronide 
SS gm. of aldolnonie acid hydrate, prepared from gum acacia, 
were dissolved in 300 ce. of absolute methyl alcohol and cooled to 
0°. An ethereal solution of diazomethane, prepared from IS gm. 
of N-nitrosomethylurea (10), was slowly added until a faint yellow 
color persisted. The solution was coneentrated to small volume 
and placed in the ice box for several days. There were isolated 
7.9 gm. of colorless needles. The derivative erystallizes from 
methyl aleohol with approximately L mole of solvent of erystalliza- 
tion. After several reerystallizations from methyl aleohol and 
drving te constant weight, the methyl aldobionate melted titi- 
sharply at 119° (uncorrected), with effervescence, 

la]* 20° in water (after 6 minutes), changing to a final 
value of (e 4.0 per cent) 


Caleulated. 42.14. H OCH, 8.48 
4252 ** 6.2%. 52 


Preparation of the He ptaacetyl Methyl Ester of Galactose-t-3- 
Glucuronide 20 gm. of erystalline methyl aldobionate were 
dissolved ina cold mixture of 10 ee. of dry pyridine and 6 ce. of 
acetic anhydride and left at 25° for 2) hours. The reaction mix- 
ture was then poured inte 250 ec. of tee water, 30 ce. of chloroform 
were added, and the suspension was cautiously treated at 0° with 


sodium hydroxide solution until just neutral, The mixture was 
extracted three tunes with chloroform, the extracts were dried and 
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concentrated im vacuo. The pyridine solution remaining was 
evaporated with absolute ethyl aleohol three times. The residual 
syrup was dissolved in 30 cc. of absolute ethyl alcohol and allowed 
to stand at room temperature for 24 to 48 hours until erystalliza- 
tion was complete. 1.4 gm. of acetyl ester melting at 198-200° 
were obtamed. After reerystallization from absolute ethyl aleo- 
hol, the heptaacet vigalactose-i-8-glucuronide methyl ester was 
obtained in the form of shining needles, melting sharply at 202 
203° Cuneorrected). 


a, in chloroform ( per cent 
Analyses (COOCH,)(COCHL), 
Caleulated. C 48.8, H 5.46, OCH, 4.67, COCTI, 45.4 


From the value of the specific rotation of the erystalline hepta- 
acetate and from the fact that the amorphous material remaining 
in the filtrate possessed it higher cifie rotation, if may 
Cluded that the erystalline substance is probably the 3-hepta- 
neetate, 

Pre paration of 1+ ptaacetylae nlidnuronic Acid Methyl Ester 
To 20 ce. of dry, aleohol-free chloroform were added 1S2 gm. of 
a-bromotriacet yiglucuronic acid methyl ester (1), LSS gm. of 
1.2.3, 4-tetraacet yl-3-glucose (7), and gm. of dry silver oxide. 
The mixture was shaken with glass beads for 75 minutes, or until 
no free bromine compound remained in the solution. The latter 
was filtered and evaporated in vacuo, The syrup was dissolved by 
warming with 10 ce. of absolute methyl nleohel nna the solution 
was allowed to cool slowly. 1.08 gm. of a erystalline product were 
recovered, Reerystallization from absolute methyl alcohol gave 
O.S84 gm. of pure acid methyl ester. 
The substance melted at 198) 199° (uncorrected) 


lal, = 11.0° in chloroform (¢ = 1.0 per cent); 
Analysis (COCH,) (COOCH,) 
Caleulated. C 48.8, 115.46, OCH, 4.67, COCTE, 45.3 


Preparation of plaace nliobruronic Acid Methyl Ester 
0.5 gm. of pure 3-heptaacet yigentiobiuronic acid methyl ester was 
dissolved in 10 ce. of acetic anhydride solution containing | gm. 
of freshly fused zine chloride. After 14 minutes heating at 50° the 
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optical rotation of the solution was practically constant. The 
solution was poured into ice water, extracted with chloroform, and 
neutralized at O° with dilute sodium hydroxide solution. The 
chloroform solution was evaporated in vacuo, and the residue was 
recrystallized from absolute ethyl aleohol. O.27 gm. of maternal 
was obtained. After several reerystallizations, the derivative 
melted at 201 202° (uncorrected) 


aly, +485.4° in chloroform 0.9 per cent); 
CH COCK, (COOCTE 
Caleulated (48.8, 115.46. OCT, 4.67, COME, 15.4 


The difference in the molecular rotation of the a- and 3-hepta- 
acetates is 39,500°. 

The heptaacetyl glucose glucuronide methyl ester obtained from 
the aldolnome acid denved from the specific polysacchande of 
Type TLL pneumococeus melts at 250° and shows the rotation 
lal=- = +41.7° in chloroform (11). A mixture of this substance 
with the a-heptaacetyl methyl ester of gentioliuronic acid shows a 
depression of the melting point, the mixture melting unsharply, 
beginning at 193°. The two aldobiome acid derivatives are 
therefore not identical. 


StMMAKY 


1. The aldobionic acid, galactose-i-3-glucuronide, has been 
synthesized and found to be identical with the aldobionie acid 
obtained from gum acacia. 

2. A second aldoliome acid, acid, has likewise 
been synthesized and obtained im the form of its heptaacetyl 
methyl ester. 
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A METHOD FOR THE QUANTITATIVE DETERMINATION 
OF PHENOLS* 


Ky ROGER W. STOUGHTON 


(From the Department of Pharmacology, Vanderbilt University School of 
Medicine, Nashrille) 


(Reeeived for publication, June 1, 1936) 


In studving the anthelmintic properties of certain alkylphenols 
it became necessary to determine the degree of absorption and 
excretion of these substances. Although satisfactory quantitative 
tests for many types of phenols are known and have been reviewed 
by Gibbs (1), an exhaustive search of the literature failed to 
reveal any method that was applicable to those p-substituted 
phenols which are only slightly soluble in water. Hence, it 
hecame necessary to devise a method for the estimation of these 
compounds. 

Nitrie or nitrous acid, alone or in the presence of metalhe salts, 
has been used as a qualitative color reagent for phenols, but has 
had quantitative application only in the case of certain water- 
soluble phenols. The new colorimetric procedure desenbed here 
is based upon the action of nitrie acid in acetic acid solution and 
subsequent neutralization with alkali. Although this method was 
originally devised for the quantitative determination of p-alkyl- 
phenols, it may be employed equally as well with most other types 


of phenolic substances. 


Method 


The standard is prepared by pipetting | ee. of a 1:1000 glacial 
acetic acid solution of the phenol under investigation into a 50 ce. 
volumetric flask, diluting with 5 ec. of acetic acid, and then adding 
6 drops of sulfuric acid and 2 drops of nitric acid. The mixture 
is thoroughly shaken and warmed on a steam bath until the pale 


* The funds for earrving out this work were given by the International 
Health Division of the Rockefeller Foundation. 
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vellow color that develops has reached its maximum intensity, 
which takes approximately 2 minutes. This solution is diluted 
with 5 to 10 ec. of water, cooled, neutralized carefully with 15 ee. 
of concentrated ammonia, and made up to the mark with distilled 
water. On neutralization the color deepens to a clear yellow. 
This standard solution can be kept for several days without change 
in either the shade or intensity of the color. 

In the quantitative determinations of phenols im tnological 
matter, such as feces or urine, the phenol ts first separated from 
this extraneous matter by acidifying with phosphoric acid and 
distilling with steam until a few drops of the distillate give a 
negative test for phenol. Dhistillates contaiming more than 1 part 
of phenol in 10,000 parts of water may be used directly for making 
the solution for comparison with the standard. However, very 
much more dilute solutions are almost invariably encountered and 
they must be extracted three times with ether, m order to con- 
centrate the phenol. An aliquot of the comluned ether extracts 
is then used. 

To prepare the unknown for colorimetric compart-on, an aliquot 
of the ether extracts, containing approximately 1 ome. of the 
phenol, Is evaporated just te dryness on a steam bath, and the 
residue taken up with 5 ec. of glacial acetic acrid and transterred 
to a 50 cc. volumetric flask. [If a concentrated aqueous solution 
is used directly instead of its ether extract, 5 ce. are diluted with 
an equal volume of acetic acid. 

hither of these acetic acid solutions of the phenol is then treated 
exactly as in preparing the standard namely, 6 drops of sulfur 
acid and 2 drops of nitrie acid are added, the flask is shaken, 
warmed on the steam bath, diluted with 5 to 10 ee. of water, 
cooled, and neutralized carefully with 15 ce. of ammonia. After 
it has been made up to the mark with distilled water, it is com- 
pared with the standard. When the aqueous phenol solution ts 
used, rather than the ether extract, heating must be continued 
from 2 to 5 minutes longer m order to bring out the color com- 
pletely. 


Disc tT 


The reaction upon which this determination ts based is believed 
to be the formation of a nitrosophenol, the alkali salt of which ts 
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colored. Gibbs (2), in studying the action of nitrie acid in the 
detection of phenols, found that dilute solutions act as nitrous 
acid with the formation of nitroso compounds. We have found 
that if nitrous acid was used in the method deseribed above, a 
color Was obtained which compared exactly with that formed by 
nitric acid. The reaction was, however, so very rapid that if the 
mixture Was warmed for more than a few seconds, side reactions 
occurred and produced a change in the shade of color formed. On 
this account, the use of nitrie acid is preferable. It is very unlikely 
that such «a small amount of acid could have caused nitration, and 
the faet that nitrie and nitrous acids gave the same colors virtually 
eliminates this as a possibility. In spite of the fact that there 


Taste I 
Effect of the Concentration of Acetic Acid 


Img. of o-phenyiphenol in 100 per cent acetic acid compared with 1 mg. 
in varving concentrations of acetic acid. Standard set at B).0. 


Reddish tint 


must be sulfuric acid present, there was no evidence of a Lieber- 
mann condensation (4) as orange or vellow colors were always 
obtained. Tf such a condensation had taken place, the indophenol 
produced would have imparted a green or blue color to the solution. 

The stecess of this method depends upon the use of acetie acid 
as a solvent. This not only makes the method applicable to 
slightly soluble phenols, but it appears to be the factor responsible 
for the constancy of the colors obtained. Water solutions of 
phenols, when treated with nitrie and sulfurie acids, gave varying 
shades and intensities of color. The importance of the strength of 
the acetic acid solution used may be seen in Table 1. The time 
required to bring out the color was found to be slightly longer 
when the more dilute solutions were ueed. Although satisfactory 
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comparisons were obtained with 25 per cent solutions, it seems 
desirable to use as strong an acetic acid solution as possible. 

Some phenols required a slightly longer period of heating than 
others in order to complete the reaction. Prolonged warming for 
more than 10 minutes produced side reactions that caused a change 
in the shade of the color ultimately obtained and consequently 
must be avoided. A safe rule is to heat just twice as long as is 
necessary to bring out the first visible sign of a color. 

The amount of sulfuric or nitrie acid used could be varied by as 
much as 100 per cent without affecting the reaction other than to 
change slightly the time of color development. The more reagent 
used, the sooner the color appeared. 


Il 


Compar son of kK nown Nol ulions with Ma of p- ary 4 aer 
o-Phe yl phe nal 


( ‘olorimet et reading 


Standard Unknow: 
1.8 6 1 470) 
o-Phenyl phenol Od | 
18 a0 4 1 20 


Although sodium or potassium hydroxide it slightly deeper 
color than ammonia, very concentrated solutions must be used 
in order to keep the total volume below 50 ce. On this account, 
it was found more convenient to use ammonia. A large excess of 
alkali was without noticeable effect. 

The accuracy of this method has been found to be as great as 
the precision with which the individual observer can read the 
colorimeter. In Table Il figures are given for the results obtained 
in the comparison, in a Klett colorimeter, of known solutions of 
p-tertiary amylphenol and o-phenylphenol. In no case was a 
greater error observed than when the same solution was used in 
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both cups of the colorimeter. In other experiments from 95 to 
103 per cent of the p-tertiary amylphenol added to samples of 
urine Was determined by the procedure described above. 

This method gave a qualitative test with as little as O.1 mg. 
of p-tertiary amylphenol, but for the most accurate colorimetric 
comparisons 0.5 to 1.0 mg. should be present. 


Taste Ill 
General Application 


Approa:- 
Compound Color mate 
sensitivity 
| mg. 
Phenolic com- Phenol Yellow 
pounds o- Hexyl phenol 0.1 
o-Pheny Iphenel 0.1 
o- Nonyl phenol Cloudy 
p-Hexyl phenol Yellow 
Thymol 
2.4,6-Dimethyl phenol Pale yellow 01 
a-Naphthol Orange-vellow 0.05 
3-Naphthol 0 05 
Catechol Reddish orange Ue | 
Hydroquinene Rose 
Pyrogallol Yellow 
Phiorogluctne! Rose 
Hexvlresorcinel Yellow 
p-Chlorophene! 7 | 
2.4,6-Trichlorophenol Pink 0 2 
p-Aminophenol Pale yellow 5 
p-Hydroxvacetophenone 
Benzo acid 2 
Benzyl aleohol Opalescent 10 


As indicated in Table IIL, certain other aromatic compounds 
gave faint colors in high concentrations and special care should be 
taken to be sure they are not present in concentrations great 
enough to interfere with the test. It was found by running blanks 
on urine, feces, ete., that these substances are not present in 
normal biological fluids in amounts great enough to cause inter- 
ference, but they might be troublesome in the analysis of other 


— 
| 


298 Determination of Phenols 


materials, such as some pharmaceutical preparations, unless 
special precautions are taken. 


General A pplication 


In order to determine the extent of the application of this 
reaction, investigations were carried out on different types of 
phenolic substances. Table IIL lists representative examples of the 
types studied, together with the color produced and the minimum 
amount of each compound that will give a readily distinguishable 
color. Most simple alkylphenols or halogenated phenols, irre- 
spective of the number or position of the substituents, gave very 
good colors. Some of the di- and trisubstituted compounds gave 
a red or reddish orange color instead of the yellow most commonly 
observed, 

Phenols with a carbonyl group attached directly to the benzene 
ring, such as the salievlie acid derivatives or hydroxypheny! 
ketones, gave such very faint colors, even at higher concentrations, 
that they cannot be determined by this method. Compounds 
which are themselves colored, as nitro- or nitrosophenols, are 
obviously unsuited for such a colorimetric determination. 

It was observed that alkylphenols with side chaims contaiming 
more than 7 or S carbon atoms gave cloudy solutions. This was 
due to the fact that, as the molecular weight of the alkylphenol 
increases, the solubility, even in alkali, decreases and those phenols 
which are verv insoluble cannot be determined by this method. 
In a few border line eases, the use of aqueous or aleoholie sodium 
hvdroxide in place of the weaker ammonia gave better results. 


SUMMARY 


The nitrosophenol test has been so modified by the use of acetic 
acid as a solvent, that it can be used for the quantitative deter- 
mination for a wide variety of phenols. This is the first method 
to be reported that is generally applicable for the quantitative 
determination of p-substituted alkylphenols which are only slightly 
soluble in water. 
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THE EFFECT OF GLUTATHIONE AND OTHER 
SUBSTANCES ON THE INACTIVATION 
OF CATALASES 


By GRAHAM W. MARKS 


(From the Ser: pps Institution of Oceanography of the University of California, 


La Jolla) 
(Received for publication, April 13, 1936) 


The protective function of catalase, which was postulated by 
Loew (1), has been demonstrated by Dixon (2). The latter 
showed that the destruction of xanthine oxidase is due to the 
hydrogen peroxide which is known to be formed during the eata- 
lytic reaction of this bioeatalyst, and that this destruction is 
prevented when catalase is present. 

It has been shown that the im vitro loss of catalase activity in 
crude preparations of the enzyme from certain species of marine 
animals and plants (3-5), requires the presence of oxygen. How- 
ever, catalase preparations which are stable in the presence of 
oxygen can be prepared (6). It seems that, to destroy catalase, 
something is needed other than oxygen alone. Stern (7) in his 
review discusses some of the properties of anticatalase which is 
found in tissues, and which inhibits catalase, although never 
completely. The inhibition requires an oxygen or hydrogen 
acceptor, has an optimum pH of 6.4, and an optimum temperature 
of 38°, the anticatalase being rather thermolabile. Stern also 
discusses the properties of philocatalase, a thermolabile substance 
or group of substances, which may not only protect catalase from 
anticatalase, but regenerate the inactivated enzyme. He believed 
that anticatalase is probably an oxidizing enzyme. It is quite 
possible that enzymes, at least certain of them, have other fune- 
tions im living cells besides the catalytic ones by means of which 
they are recognized. 

evidence is presented in this paper which indicates that the 
in vitro loss of catalase activity is largely due to glutathione and 
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perhaps ascorbic acid but is modified by the presence of other 
substances, 


Methods 


The details of the proceedure for studying the loss of catalase 
activity have been given (3, 4,8). It suffices to state that the 
enzyme preparations were stored and measurements were made 
in a constant temperature room at 20.0° + 0.2°, the hydrogen 
peroxide solutions were prepared in buffer at pH 7.0 from Merck's 
superoxol and were approximately 1M, the reaction time interval 
was 60 minutes, and the initial catalase activity of the solutions 
was sufficient to decompose, as a rule, 35 to 50 me. of HOs. 
Clark’s (9) KH,PO~NaOH mixture buffer, 7.0, 0.08 alone 
Wiis used, The ext racts, unless otherwise recorded, were LO to A>) 
per cent and were prepared in the buffer. 

Unless noted to the contrary, the pH of all the eatalase solutions, 
as nearly as could be determined by the indicator method (and 
whether or not substances had been added), lav within the range 
6.2 to 64. 

Effect of Some Substances on Rat of Tnactivation of Mussel 
Catalase —-It was previously discovered that the in ritro loss of 
activity of catalases from certain marine animals and plants (3-5) 
is, under given conditions, a pseudounimolecular reaction. In the 
integrated form the unimolecular equation for the reaction ts 


where a = the initial number of mg. of He. decomposed by 5 ml. 
of extract, (a r) = the number of mg. of Ho, decomposed by 
5 ml. of extract at any time, ¢, in days after the start, and & ts the 
rate constant. 

Before the effect of certain substances was investigated, it was 
necessary to learn whether or not dilution of the catalase solutions 
wonld change the rate of the Inactivation constant & Portions 
of a catalase solution were mixed with buffer and the rate con- 
stants determined. The nearly constant values of & given in 
Table I show that no appreciable change occurs up to half dilu- 
tion. The orginal enzyme solution is designated as having a 
catalase concentration of unity. The fractional concentration ts 
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the ratio of the volume of extract used to the total volume after 
dilution. 

Solutions were prepared in buffer of the substances listed under 
Fig. 1, and carefully measured volumes were added to equal por- 
tions of crude mussel catalase preparations. & was then deter- 
mined for each. Sodium disulfide caused a marked increase with 
increase in concentration, but sodium sulfide produced but little 
change. Potassium eyanide depressed the rate constant with 
increase In concentration. Although the catalase solutions to 
which sufficient amounts of this salt had been added showed no 
measurable loss of activity during the few days in which observa- 


Taste 
Effect of Dilation on Inactivation of Catalase 


Musse! catalase 
Fractronal comeent rat ron 10 0.916 0 647 0.500 


Heef kidney catalase after addition of glutathione 


Pract rat 1° o9 os 07 06 
0149 OMO =O 146 40.232 


kis the rate constant for the inactivation of mussel catalase and is 
given by the equation = (1/0) In — 2); is the inactivation con- 
stant for partially purified beef kidney catalase after the addition of 
glutathione and is determined by the expression a = (1/loget) logy 
(doa 


tions were made, atter long standing they were found to have lost 
their activity completely. Because of the acid reaction of ascorbic 
acid, an equimolar quantity of sodium hydroxide was added to a 
solution in buffer. This vitamin is autoxidizable but has been 
shown to be protected from oxidation when dissolved in extracts 


from animal tissues (10-12). 

But few of the compounds listed in Table Il caused a marked 
inerement or decrement in the rate constant of catalase inactiva- 
tion: that of the eontrol is designated as ky. Golzow and Jan- 
kowsky (13) avoided loss of catalase activity in diluted blood by 
adding ethanol (1:5000). Methanol and ethanol markedly de- 
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creased the rate of inactivation of mussel catalase, but glycerol 
and the carbohydrates had little effect. Une acid also causes a 
decrease in rate, whereas potassium fluonde and thiopropronamide 
increase it. However, the change produced by the last may have 
been the result of its decomposition, with the formation of HS. 
Small differences between k and kp are to be discounted because 
of the limitations of the method. Some of the compounds, of 
course, were modified by other enzymes which were present, 
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Fic. 1. Effect of certain substances on mussel cal: fornianus) 
catalase inactivation. The abscisse represent mg. of added substance 
per mil. of catalase solution (total volume). The ordinates represent the 
rate constant, k, for NaS, Curve 1; KCN, Curve 2; neutralized ascorbic 
acid in terms of aseorbie acid, Curve 3: NallS in terms of HS, Curve 4. 
J. T. Baker Chemical Company c.r. NaHS + aqua was used. The solu- 
tion employed was specified to contain about % per cent available HS. 
This concentration was taken to be exact and thus the plotted points are 
not precise. 


Effect of Certain Adsorbents To 50 mil. portions of an extract of 
mussel tissue were added respectively, 2 gm. of bone charcoal, 2 
gm. of powdered CaCOs, 1 gm. of washed kaolin, 2 gm. of diato- 
maceous earth, 4 gm. of moist aged aluminum hydroxide precipi- 
tate, and 4 gm. of moist aged ferric hydroxide precipitate. Each 
flask was shaken intermittently during a 3 hour period and the 
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Effect of Certain Substances on Rate of Inactivation of Catalase from the 
Mussel, Mytilus californianus 


Sul«'ance 
added 


Ethanol 


Methane! 


n-Amy aleo- 


hel 


Glycerol 
Acetone 

Dextrose 
Levulose 


d-Mannose 
Sucrose 
Maltose 
Lactose 
Raffinose 
hydrate 


Glyeogen 


Inositol 
Inulin 
Asparagine 


dl-Alanine 
l-Aspartic 
acid 
Allantoin 
Cystine 


= 


(oneentratron 


ot 


Saturated 


Saturated 


Saturated 


Subetance 


A 


d-Glutamic 
acid 
l-Tyrosine 
Caffeine 
Pyridine 


OS6 
Mae 


Quinoline 
USS 0) 
mio 
O730 


Nicotine 
Hexameth - 
vienetet- 
ramine 
Mae 


Urie acid 


Nucleic 
acid 
(from 
veast) 


o740 
man 
wile 


Potassium 


fluoride 


Potassium 


ferricy- 
anide 
Potassium 
ferrocy 
anide 
Thr pre 
onamide 


mere 


Concentration 


0 


Saturated 


10 + 
10) 
Saturated 
(solid 
present) 
+ 604 
01% 


(Approxi- 
mate) 


0. 106.0 080 


0.123.0.007 


0940 097 
O700.071 
0 O78 0 O71 


00550 071 
1960 143 
1430.143 


0 0610 071 
1240.143 


0 0690 092 
0 0620 077 
0 0560 080 


057 0 
1430 143 
2760 12 
0.1430 143 
Oo770 125 


3000 125 


inactivation rate constant without added substance. 


t Since the formula for glycogen is given as (CyllwOs)., CeHpO, was 
taken as the molecular formula and a 0.02 m solution prepared. 
true concentration was 002 n. 

¢ MI. of saturated uric acid solution in buffer plus ml. of mussel extract. 
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solutions then filtered through Whatman No. 1 paper. The last 
four solutions treated had a much greater clarity after filtration 
than the original extract. Determinations of & were made in the 
solutions thus treated with possible adsorbents, and also ina por- 
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hia flect of reduced glutathione on the inactivation of catalases 
from the following: Curve 1, the clam, Denar gouldis ( per cent extract); 
Curve 2, the Sen-anemone, Cribrina ranthogramm ca (2 per cent extract, 
pH 6.6); Curve 3, the California sea mussel, Mytilus cali fornianus, partially 
purified (Morgulis, Beber, and Rabkin (6)) mussel catalase which very 
slowly lost its activity (S per cent extract, pH16.6); Curves 4 and 5, Mytilus 
cali fornianus; Curve 6, the marine plant, Corallina officinalis (0 per cent 
extract); Curve 7, beef kidney (0.2 percent extract, pIL6.9). The abscisse# 
represent gm. of reduced glutathione per 60 ml. of solution; the ordinates, 
the rate constant, Catalase from the killifish, Funduluse pore: pinnis, 


vielded similar results. 


tion of the original solution which had not been treated. The 
‘atalase was partly removed by all of the above except CaCOh, 
and very markedly so by diatomaceous earth, the initial activity 
having been reduced to 29 per cent of that of the original solution. 
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However, in no case did the rate constant of inactivation of the 
remaining catalase differ from that of the original by more than 
the error of the method. We infer that the following may have 
occurred: no adsorption of the inactivating substances took place, 
or these substances are catalytic or have a much higher concen- 
tration than that of the catalase, and partial removal does not 
affect the rate. 

Effect of Glutathione on Unstable Catalase Preparations--When 
reduced glutathione was added in increasing quantities to equal 
volumes of unstable catalase solutions, remarkable effects resulted. 
With inerease In concentration of glutathione, the rate constants 
for the inactivation rose sharply to a maximum and thereafter 
declined more slowly (Fig. 2), with the exception of catalase from 
the marine plant, Corallina officinalis. 

However, it was necessary to ascertain whether or not gluta- 
thione affeets the linear relationship between catalase concentra- 
tion and the quantities of hydrogen peroxide decomposed under 
the given experimental conditions. Thus, the proportionality 
eurves might be changed from those which consisted of a single 
straight line passing through the origin to those which have sharp 
discontinuities In slope, as was found, for example, for catalase 
from Corallina officinalis at pH. 4.5 (8). If this were so, the method 
of deducing & would then be incorrect. However, the results 
plotted in Fig. 3 show that the direet proportionality still holds 
after the addition of glutathione. It is noted that Curve 1 is 
higher than Curve 2. This was due to either or both of the 
following factors: glutathione acts to some extent as a catalase 
inhibitor: a simultaneous Inereased rate of inactivation oceurred in 
the 60 minute interval during which the catalase decomposed 
hydrogen peroxide. 

Effect of Glutathione on Stable Beef Kidney Catalase — since re- 
duced glutathione has such a marked effect on the inactivation of 
unstable eatalases, it was desirable to learn whether or not it 
would cause stable entalase preparations to lose their activity. A 
stable beef kidney catalase extract was prepared in distilled water, 
with chloroform, by the method of Morgulis, Beber, and Rabkin 
(}). Small volumes of this solution were added in such quantities 
to phosphate luffer that the activity of the resulting solutions lay 
within the range of the unstable catalase preparations in their 
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initial conditions. These solutions in buffer were colorless, con- 
siderably purer than the unstable ones, and the pH 7.0. Since 
c.p. chloroform contains a little aleohol as a stabilizer, the latter 
may have had something to do with the stabilizing of the enzyme. 
However, the mere addition of a small volume of chloroform to an 
unstable preparation does not render it stable. The quantity of 
active catalase present per unit weight of beef kidney is much 
greater than that per unit weight of mussel tissue. 

When glutathione was added to these beef kidney enatalase solu- 
tions and daily determinations made of the activity, it was found 
that the active enzyme concentration gradually decreased (Pig. 4), 
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| 


. 
FRACTIONAL CONCENTRATION 


Fig. 3. Proportionality curves of mussel catalase, Curve 1, no reduced 
glutathione added; Curve 2, @, ©, 2 and 4 me., respectively, of reduced 


glutathione per 7 ml. (total volume including HQ), solution) 


but that the unimolecular equation did not satisfactorily express 
the processes that were occurring. When, however, the logarithm 
of the time, ¢, is plotted against the logarithm of the ma. of HO, 
decomposed, (a rv), & more nearly straight line results, espe- 
cially after the first 24 hours. For convenience, 1 + logy was 
used (Curve 2, Fig. 4). The integrated expression for the reaction 
is (a 7) = ad * where ay = the mg. of Ha), decomposed (pro- 
portional to the catalase concentration) by a sample at the end of 
the Ist day after the start, and n» is the rate constant. The veloe- 
ity equation is dr dt = nad" *. The fact that this reaction ts 
not of the first order may, in part at least, be aseribed to the side 
reaction in which glutathione passes to the oxidized form 
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When small quantities of glutathione were added to 50 ml. 
portions of this stable preparation, n determined, and the data 
plotted (Fig. 4), a curve with a maximum such as was shown by the 
unstable preparation (Fig. 2) was not obtained. The difference in 
behavior may have been due to the greater purity of the stable 
catalase solution. 

Experiments with Beef Kidney Catalase Made Unstable by Addi- 
hion of Glutathione Portions of a stable beef kidney catalase 


© 02 GM OF GSH 


6 3. = 7 
5 
4 
3 
2 
16 
iA 


DAYS 


kia. 4. Effect of reduced glutathione on stable beef kidney catalase. 
Curve 1, lox of activity with time after addition of 7 me. of reduced gluta- 
thione to MI ml. of selution: Curve 2, log), (@ — 7), loge 100 plot of the 
data of Curve 1; Curve 3, change in rate constant, a, with change in con- 
centration of reduced glutathione. The abscissa represent gm. of reduced 
glutathione per ml. of solution 


preparation were diluted with phosphate buffer in the manner 
indieated in Table 1, so that the total volume of each was 50 ml., 
7 mg. of glutathione were dissolved in each, and the values of n 
determined. It is seen that the rate constants were approximately 
the same throughout, and thus the results compare favorably with 
those for unstable mussel catalase. 

It was found that potassium eyanide and ethanol decrease, and 
sodium disulfide increases, the rate of inactivation of unstable 
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beef kidney catalase as well as mussel catalase. Glutathione was 
dissolved in i stable beef kidney catalase solution, the solution 
apportioned, and potassium cyanide, ethanol, and sodium disulfide 
added, respectively, to portions. It is seen in Table IIT that the 
results are like those obtained for unstable beef kidney catalase, 
Potassium cyanide was added to a quantity of the unstable, 


lll 


Relative Effect of Certain Nubatances on Kat of Inactivation netable 
Beef Aidney and Mussel Catalases and Be ef Kidney Catalase 
Vade U natable with Glutathione 


netable purified hh reel calalare 


0. 33 me 
(irginal 033 me + 
mi 
0 O80 Rate slower 


U netable beet Catalase 


nal mg me 
unstable KCN per NaSH added 
mol ution tl per ml 


Stable partially purified beet hidney catalan 


14 
O14 me 
tn 14 me GSil + Dime per 
stable GSil per me per mi + 


slowly cre 


"GSH = reduced glutathione 


partially purified mussel catalase solution contaiming 0.02 gm. of 
glutathione per HO ml. (big. 2). Another was ke yt under nitrogen. 
The potassium evyanide nearly nullified the action of the ghuta- 
thione. 

The loss of activity of beet kidney catalase in unstable crude 
preparations was found to proceed more slow lv under nitrogen 


than under air. 
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Non-Stability of Dialyzed Mussel Catalase Solutions—If ghuta- 
thione and ascorbic acid are the agents which, in the presence of 
oxygen, cause catalases to lose their activity, it may be possible 
to prepare stable catalases by dialysis. A 50 per cent mussel 
extract in distilled water was placed in an animal membrane and 
dialyzed against running tap water for 24 hours; a fine stream of 
nitrogen was bubbled through the solution in the meanwhile. 
The extract was finally dialyzed for an hour against running 
distilled water and then filtered. However, neither this nor other 
dialyzed solutions of the enzyme were stable. 


14 
J2 
so} 
~ 08 
3.06 
DAYS 
bia. 5. Change of ear. with time of a cell consisting of a normal 
calome! cleetrode and mussel extract 


Electromotive Force Studies Since apparently an onxidation- 
reduction system was being investigated, it was thought that EMP. 
studies might vield some results of significance. Cells were 
arranged in the following way. 


phosphate buffer, 
rt pil 7.0, extract 
of mussel tissue 


KCl, saturated or N; (solid) He 


saturated 
Temperature 20.0 + 0.2 


Agar-salt bridges were employed, and a little toluene was poured 
inte the mussel extracts as a germicide. Since the potential of the 
calomel electrode remains the same, any change in eE.M.P. of the 
cell is to be ascribed to changes occurring in the mussel extract. 

It was first found that the e.w.r. of such a cell changes linearly 
with time, as shown in Fig. 5. Since the potential depends upon 
the logarithm of the active concentration (thermodynamic activ- 
itv), this curve indicates that a unimolecular reaction was occur- 
ring in the mussel extract. The substance or substances and the 
concentration are unknown in this instance. It remained to show 
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whether or not this process and the loss of catalase activity were 
identical. The slope (Ga = d(e.m.r.) dt) of this line is the rate 
constant, in volts per day, of the unidentified reaction. 

If these two processes are the same, then the ratio of & m will be 
constant under all given conditions. Both m and & were deter- 
mined simultaneously, and the results are given in Table IV. It 


Taste lV 


anf Ele: fromoti ve Force and Loses of fat 1. 4 
(‘onds trons 
extract under air 
Linder nitrogen 7 6 
1 Uneder au 
portion of (1) diluted 
by half aon 
3. CHOW added to of (1) 


N calomel! electrode used: for all others the saturated calomel! electrode 


wane used 


\ 
Inact ration of Catalase from Dy fhe rent ps af (irgana of Catlitornia 
Mussel 
(or upp orgat. pan- ! *ar geal pe Vl tle } wet 


* Both mantle and gonads may contain eggs or spern 
+t The foot is largely muscular tissue 


is seen that £ m is not constant, and thus the two reactions are 
not identical. It is to be noted, however, that the E.MLP. reaction 
is to be ascribed to a thermolabile substance or system, since the 
potential did not change with change in time for an extract portion 
which had previously been heated to boiling. 

Rate of Inactivation of Catalase from Di flere nt Tissues The 
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organs of five mussels ranging in length from 9.8 to 12.4 em. were 
excised and placed in groups, as listed in Table V. Solutions were 
then prepared so that the initial catalase activity of each lay 
within 40 to 45 mg. of hydrogen peroxide decomposed in a 60 
minute time interval. The rate constants were determined and 
are also given in Table V. It is observed that the velocity of in- 
activation of catalase from different groups of organs was not the 


PER CENT 
8333s 


o* 
GSH /ML. 


ria. 6 ria 7 


kia. 6. The oxidation of aseorbie acid: a first order reaction. Curves 
Land data of Kellie and Zilwa (15); Vo = me. of aseorbie acid per 100 ml. 
of HO. pil 7.4, 37°. Curwe C, data of Mawson (12), ascorbic acid in 
“untreated” lemon jure, pl 7 = mil. of dve 

hia. 7. Comparison of the oxidation of ascorbie acid and the inactiva- 
tien of catalase in the presences of glutathione Curve A, data of Mawson 
(12) for ascorbic acid: Curve B, author's data for catalase. The 
represent the logarithm of the me. of glutathione per mil.; the ordinates, 
per cent of control 


Measurements of relative quantities of catalase from different 
tissues by means of relative activities should always be made with 
care, sinee not only may the rate of loss of activity of the catalase 
be different for various tissues, but possible sharp changes in the 
slope of the proportionality curves (S) may occur, Stern (7) 
pointed out that, in the study of the catalase content of tissues, the 
influence of anticatalase has not been taken into account. 

Oxidation of Ascorlic Acted ts of interest to compare the 
oxidation of ascorbie acid and the inactivation of catalase which 
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apparently is also an oxidation reaction. Both Processes require 
the presence of oxygen and are greatly affected by glutathione. 
It seems that the oxidation of ascorbic acid occurs by the intro- 
duction of two OH groups at the double bond, whether caused by 
the enzyme ascorbic acid oxidase (14) or otherwise. The chemi- 
cal equation given by Tauber, Kleiner, and Mischkind (14) indi- 
cates that the reaction ts of the first order. 

Recently Mawson (12) and Nellie and Zilva (15) have studied 
the oxidation of ascorbic acid. In Fig. 6 are plotted semilogarith- 
mically representative data taken from their papers. Since 
straight lines result, it is indicated that the reaction is unimolee- 
ular. However, the introduction of the OH Tops and the 
required presence of oxygen show that it must be pseudouni- 
molecular. 

Glutathione has an effect on the rate of oxidation of ascorbic 
acid opposite to that on the rate of inactivation of catalase. In 
Fig. 7 are plotted some data of Mawson (12) (Curve A) for the 
per cent of ascorbic acid, as compared to the control, remaining 
after incubation for 1 hour at 37°, pH 7.4, and some data of the 
writer (Curve B), showing the percentage of the initial mussel 
catalase activity after a period of 1S hours at 20°. 

These results show that if the rate constants, 4, were obtained 
for the oxidation of ascorbie acid after the addition of definite 
amounts of glutathione to equal volumes of a solution of the 
vitamin, and in the presence of fixed concentrations of tron or 
copper as catalysts, the resulting curve would be the reverse of 
those obtained for animal ecatalases (hig. 2). The eurve would 
have a minimum rather than a maximum. 


DISCUSSION 


Just why methanol and ethanol have such a notable effeet im 
decreasing the rate of inactivation of catalase, whereas n-amyl 
alcohol, glycerol, and the earbohvdrates studied have little or no 
effect, cannot be stated. 

Zeile and Hellstrom (16) came to the conelusion from their 
spectrographic data that in hemoglobin-free catalase solutions a 
porphyrin-iron complex is present which must be similar to heman 
or an isomer. They found that both potassium evanide and 
hydrogen sulfide so changed the absorption spectrum of catalase 
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that chemical combination was indicated. The functioning of 
glutathione in the inactivation of catalase is probably prevented 
by the combination of the eyanide with the iron of the complex 
and with the ions of certain heavy metals such as iron and copper 
which are present in solution in small concentrations. 

All the animal tissues studied in this investigation gave a posi- 
tive reaction for glutathione when the nitroprusside test was 
applied. ‘Tissues may contain, per 100 gm., as much as several 
hundred mg. of extractable glutathione (17). In view of the 
evidence presented, we must infer that glutathione has much to do 
with the loss of catalase activity. Small concentrations of as- 
corbie acid greatly increase the rate of inactivation and may also 
be present in tissue extracts, 


SUMMARY 


1. Methanol and ethanol in extremely small concentrations 
(1:5000) and potassium eyanide markedly decrease the tn ritro 
rate of inactivation of mussel catalase. n-Amyl aleohol, glycerol, 
amd certain earbohydrates have little or no effeet. Sodium 
disulfide, ascorbie acid, and glutathione accelerate the inactiva- 
tion. The inactivation of mussel catalase in crude preparations 
follows a first order reaction whether or not certain given sub- 
stances have been added. j 

2. Glutathione added to stable, partially purified beef kidney 
catalase renders the catalase unstable. The inactivation does not 
then follow the equation for a first order reaction. 

3. Evidence is presented which indicates that glutathione may 
bean important factor in the spontaneous loss of catalase activity 
which occurs in mussel extracts in the presence of oxygen. 
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PHOTOELECTRIC COLORIMETER 


By ISAAC M. DILLER 


(From the Department of Preventive Medicine, College of Medicine, New York 
University, New York) 


(Received for publication, March 19, 1936) 


In the photoelectric colorimetry of solutions, one of two factors 
may be the variable while the other is held constant: thickness of 
solution and intensity of transmitted light. The source of light is 
either considered constant or means are provided to compensate 
for its variations. 

It is more difficult to use a device which depends upon the 
Variation of solution thickness, for it is still necessary to read some 
electric meter to establish the relative transmission of light. 
Further, such arrangements do not advance visual colorimetry 
bevond replacing the eye with one or more photoelectric cells. 
The recently developed barrier-layer cell (1) has made possible 
an instrument which gives readings that bear a simple relationship 
to the concentration of solutions which conform to the fundamental 
Beer-Lambert law and does not require amplifying or other com- 
plex circuits which annoy the scientist as well as the technician 
who has littl knowledge of electricity. Several variations of a 
simple instrument embodying these principles have been described, 
the most notable one being that of Miller (2). The instrument 
of Yoe and Crumpler (3), which also gives the transmission 
directly, is diffieult to manipulate and requires large volumes and 
a delicate meter. All these instruments, however, specify optical 
systems which emit parallel or nearly parallel light. This specifi- 
cation is unnecessary and limits the instrument in two ways: 
first, the light-gathering lenses are limited in diameter to the width 
of the solution cell, resulting in low power with consequent limits 
upon (1) the thickness of the solution, (2) the handling of yellow 
solutions, and (3) ruggedness and cheapness of the meter; secondly, 
the volume of solution cannot be small. 
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The photometering of vellow solutions is particularly difficult 
because their transmission in the blue end of the spectrum must be 
measured. The barrier-laver cell is relatively insensitive to blue 
light. This difficulty can be overcome by using a more concen- 
trated beam of light. 


lh scription and ration of Apparatus 


The instrument is shown diagrammatically in Fig. 1 and pho- 
tographically in Fig. 2. &B.L.C. represents the barnier-lave r cell; 
S.C., solution cell: F, light filter; A, microammeter, 0 to 200 
microamperes, 0 to 50 microamperes; A), coarse variable shunt: 
R., fine variable shunt; Ry, fixed shunt; S;, tap switch; S:, toggle 
switch. 

The solution cell is an arrangement of two cells of equal thick- 
ness on a single shde. The thickness of solution which is most 
useful in bnochemical determinations is about Lem. Additional 
cells of 0.5 em. and 2 em. increase the range of the instrument 
The volume of solution ts from less than 1 ee. to 5 ce. 

One cell is filled with the solvent, the other with the solution 
under test. With the solvent im position, the meter is set by 
means of BR, and R.to read a given current. The unknown is now 
slid into position and the meter read again. If the reading is low, 
the fixed shunt is thrown out hy means of the toggle switeh and 
the reading taken from the seale with the smaller range. As will 
be seen under calculations, it is advisable to have a meter whose 
scales are calibrated logarithmically, in which case the log current 
isread. The ratio of current for the unknown to that for solvent 
is the relative transmission. The lenses have short foci and large 
diameters. The source of light is a 32 candle power automobile 
lamp which draws about 4.2 amperes from a three cell storage 
battery. The storage battery should be maintained at full charge. 
A trickle charger will answer the purpose. The lenses are each set 
into sereens which completely divide the case of the instrument, 
thus preventing conduction or convection of heat. Infra-red 
rays and possible change in spectral output of the light source are 


made inconsequential by the use of a filter. 

The rise in temperature was determined for a combination of 
vellow solution and blue filter and a blue solution with a red filter. 
2 ec. of a blood creatinine standard containing 0.06 mg. of creat- 
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ot final volume were placed tna solution eell of 1 
em. thickness The bulb of a thermometer was placed the 
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vartable shunt; tine vwartable <hunt; fined <hunmt; tap swoiteh; 
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solution, away trom: the pathoot The light, filtered through 
Cormog light shade, blue-green Neo. 42S) filter, was passed 
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SIS Photoelectric Colormeter 
through the solution for LO mianmutes, alter whieh the solutron was 
stirred with the thermometer and a reading taken. The tem- 
perature rose the rate of OOF peer Corder 
conditions the rise in temperature tors blue solution of Briggs’ 
phosphorus, contamimng OSS mg. per ce. together with a Cor, 
ing traffic shade, red No. 245 filter, was per The 
length of time required tor a rencing abeout 

Ino omanvy methods, anv appreemble change 
would result in very definite effeets on the colorimetric reading, 
as, for instance, creatinine determination, where in 
temperature will cause renetion hy both erentime amd suger of 
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\ eurye relating relative bs 
plotted ~ennlogarit hie paper with ball a dozen solutions of 
known and differing concentrations. These pomits wall lie on a 
straight beontise at or cot hye ! \ the ts, 
the solution does not follow law ‘These effeets are come- 
paratively rare in colorimetric analysis. However, as the relative 
transmission in the at hes there iss 
deviation from Beer's law under the conditions of practienl teens 
urement. The range of analysis can then be extended by the use 
of a thinner solution. The use of a chart not essential Sub- 


<tituting into the line tormula, y mor + kh, the log of relative 


transmission tor y and coneentration tor oc, we enleulate the slope 
mi. mais determimed tor severnl values of cred the 
taken Unknown concentrations are tow cabeulated trom 
the formula (log relative Tt the meter 
is equipped with a logarithmic seale, the tormiha stpler, 
ustially Ro, the reading tor the solvent cat DOWD, thee 
calculation then becoming OLA. wm ors Ro on. whieh heold- 
its use or that of a curve ps equivalent Chaat col cos rate 
standards as were used to find oor the curve bee re- 
checked for each new bateh of reagents. be eliminated trom 
consideration by using the reagent blank on place ot solvent im the 


solvent cell 
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Accuracy of Instrument 


The accuracy of the instrument is a function of the slope of the 
eurve. The slope may be sharpened by (1) increasing the thiek- 
ness of solution and (2) selecting a filter which transmits primarily 
where the solution absorbs most. 

Fig. 3 shows the effect of the color of light upon the acuteness of 
the slope of the curve for a series of blue solutions obtained in the 
determination of phosphorus by the method of Briggs (4). When 
white or blue light is used, the curve does not pass through the 
origin. This is due to the vellowish blank of the reagents. For 


t 
S 


RELATIVE TRANSMISSION- PERCENT 


10 - WHT 
6 PS YELLOW 
a 
MILLIGRAMS PHOSPHORUS PER CC. 
loess |.0067 |.0100 


Fig. 3. Effeet of the color filter 


ordinary work, a selection of three or four glass filters covering as 
many sections of the visual spectrum is all that is necessary. The 
precision of the instrument is such that duplicate curves deter- 
mined several months apart agreed fully within the limits of 
error. 

Some Analyses The method of preparing a chart is illustrated 
in Fig. 3. Curves for the Benedict uric acid and sugar methods 
are very similar to that for Briggs’ phosphorus. However, for 
the pierie acid determinations, the curves are not straight lines 
throughout the range of analysis, but appear as two intersect- 
ing straight lines. Likewise, the curve for nitrogen consists of 
two such lines. Up to a concentration of 0.2 mg. of NH, in 100 
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cc. of final solution, there is one straight line; from 0.2 mg. to 
about 0.6 mg., the line continues straight but at another slope. 

In Fig. 4, the transmission is taken relative to the reagent blanks 
rather than water. The data recorded here were taken with a 
single range, 0 to 200 microamperes, ammeter and a solution cell 
of lem. thickness. In preparing the known solutions for plotting 
the curve, it is essential in this instance, and advisable generally, 
to add the same quantity of reagents to each solution and that the 
final volumes be the same, rather than to secure standards by the 
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Fic. 4. Pierie acid solutions 


process of diluting the final solution. The Corning light shade, 
blue-green No. 428 filter was found satisfactory. It also serves 
well with the nitrogen determinations which produce a more 
definitely red color. 

Table I shows the recovery of creatinine from a filtrate of human 
blood prepared in accordance with the Haden (8) modification of 
the Folin-Wu method. To varying amounts of filtrate were 
added varying quantities of creatinine standard, lec. = 0.006 mg. 
The solutions were prepared on the basis of 20 ce. of filtrate or 
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90 cc. of a mixture including filtrate, standard, and water, to each 
of which 10 ec. of alkaline picrate are added. ‘Table 1 is prepared 
on this basis, although the actual amounts taken were 0.35 of each 
ingredient. 

By using a filter of narrower spectral range, such as the Corning 
No. 430, the accuracy may be increased. 


Tassie 
Recovery of Added Creatinine from a Blood Filtrate 


Total biltrate con- 


as standard as standard 
72 28 “7 3 +4 2% 
li 4 aS 0 o S7 
* Plus lO ce. of water. 
Il 
Agree ment between Duplicate of Vellow Solutions 
Tranemisstor 
oneent mation, Nil, 
per 1 ce 
Duprente I Duplicate 2 

Prog per cent per cent 

| 

ow 

O16 s! SI 

7s 

oS 


The blood creatinine standards gave a eurve of sharper slope by 
a very slight modification; instead of diluting the standard to 20 
ce. as called for in the method, dilute to 4 ce. and add the usual 10 
ec. of alkaline picrate reagent. This is not objectionable in view 
of the small quantity of solution we require. In applying this 
modification to blood filtrate, 4 ce. of the usual filtrate may be 
taken. 
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Nitrogen was determined by the method of Folin and Bell (9). 
Mr. Myles Braver, of this laboratory, made the determinations 
presented in Table IL in the course of his regular work. They are 
presented to show the extent of agreement between duplicates. 
The duplicate readings were taken on different days. A 1 em. 
solution cell and a Corning filter No. 428 were used. 

The time required for taking the reading, rinsing the cell, and 
refilling it for the next determination is about 1 minute. A con- 
venient device for emptying the cell is a rubber bulb with a glass 
tube which is drawn to a fine bore. 


SUMMARY) 


A photoelectric colorimeter is presented which (1) has wide 
range, (2) is accurate at high and low concentrations, (3) requires 
less than 5 ce. of solution, (4) is easily and rapidly manipulated, 
(5) gives satisfactory results with a rugged and inexpensive meter 
even when used with yellow solutions, and (6) its readings bear a 
simple relationship to the concentration of solutions which conform 
to Beer's law. <A fixed shunt extends the seale of the meter. 


The writer wishes to express his gratitude to Dr. K. G. Falk 
and Miss Grace MeGuire for their valuable advice and encourage- 
ment. He is also indebted to Professor Ralph Muller of New York 
University for discussing with him = the problems involved. 
This work was made possible by a Works Progress Administra- 
tion project sponsored by and under the supervision of the 
Bureau of Laboratories of the Department of Health, City of 
New York. 
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THE ATTEMPTED USE OF CRYSTALS AS CALCIUM 
ELECTRODES * 


By RUBERT 8S. ANDERSON 


(From the Physiological Laboratory, Princeton University, Princeton) 


(Reeeived for publication, May 20, 1936) 


Tendeloo (1) recently reported the successful use of fluorite 
erystals as electrodes for the potentiometric determination of 
calcium concentrations in caleium nitrate solutions, with and 
without gelatin, and in milk. He measured the electromotive 
force of the cell 


Ag | AgCl | (Solution 1) CaCl, | CaF, | (Solution 2) Ca(NO,), | KCI (satu- 
rated) | KCI | He 


Some earlier unpublished results will be given below which show 
that Tendeloo has not proved that his crystal behaved as a caletum 
electrode. It is not intended to imply that such electrodes are 
impossible. 

5 vears ago the attempt was made to measure the electromotive 
foree of what was essentially this same cell with fluorite or ealeite 
crystals but with ealetum chloride in both Solutions 1 and 2. 
The results were of two types. Either the resistance of the cell 
was too high to obtain measurements even with a Compton electro- 
meter or the readings were most easily explained as including liquid 
junction potentials probably arising in some minute erack in the 
erystal. The crystals were 0.01 or 0.02 em. thick and 0.1 to 1.0 
sq. cm. in area. Since, in those experiments in which E.M-F. 
measurements failed, the currents detectable by the electrometer 
were of the order of 10°" or 10° amperes, the erystal resistances 
were extremely high. This is in agreement with the published 
values (2) for the specific resistances which, measured in air, are 
from 10° to 10° ohms for caleite and 10 ohms for fluorite. 


* This work was done while the author was an instructor in the Depart- 
ment of Physiology at Yale University. 


$23 


$24 Crystals As Calcium Electrodes 


Where measurements were obtained, the differences in the 
E.M.F. of the cell with varying concentrations of Solution 2 were, 
with one exception, of the same sign and usually were of approxi- 
mately the same size as when liquid junctions were included be- 
tween the same solutions. This was shown in a few cases by 
making a pinhole through the paraffin seal around the crystal. If 
the erystal had had the properties of a caletum amalgam, as would 
be expected theoretically if no leaks were present, the differences 
with varying concentrations of caletum chloride would have been 
somewhat larger and of the opposite sign. Moreover, the differ. 
ences in the E.w.r. between various concentrations of caleium 
chloride solutions were not specific for calcium, since they were 
abolished by adding equal, high concentrations of sodium chloride 
to each solution. 

The true concentration cell 


was also measured. With calcium amalgam replacing the erystal, 
the e.m.r. for this cell is greater than O.O77 volt ((2) pp. 326-327), 
while for the same cell with a liquid junetion, it is about 0.036 
volt. In two experiments with erystals with which measurements 
could be made, the values were 0.034 and 0.035 volt. It: was 
evident that here also the erystal allowed liquid contact through it. 

On the basis of these results no final conclusion could be reached 
regarding the question of using such crystals as specific electrodes 
for calcium. <A search of the literature showed that the BLP. 
of cells containing solutions in contact with solid electrolytes had 
been measured by Haber and Beutner (3). As expected, they 
found that they could replace the metal by the solid salt in some 
cases. This gave support to the idea, although the resistances of 
the salts which they used were relatively low, and justified further 
efforts to make measurements across calcite or fluorite by using 
much thinner, buat still intact ervstals, or by InerensIng ther con- 
ductivity. However, it has not been possible to continue that 
work up to the present time. 

Haber and Beutner also studied the ear. of cells contaming a 
pellet of calcium hydroxide and calomel soaked in a mixture of 
vaseline and paraffin. The same idea was tried with calerum 
oxalate, since it is much less soluble in water than calerum 
hydroxide. The pellets were made from calcium oxalate alone, 
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a pressure of from 50 to 100 kilos per sq. em. being used, and were 
then soaked in hot paraffin for varying lengths of time. After 
cooling, the paraffin was seraped from the surfaces and they were 
then used in the same way as the crystals. In some cases the 
resistances were again too high to measure and in others there was 
the same evidence of liquid junction potentials. However, some 
pellets gave differences of E.M.F., when the concentration of the 
ealcium chloride solution was changed, that were of the correct 
sign for a caleium electrode. Unfortunately the values obtained 
were too erratic to be useful quantitatively. 

When Tendeloo’s results were examined, no crucial evidence 
was found that the erystals had behaved as electrodes, specifie for 
calcium. In response to a direct inquiry Tendeloo stated that 
“high sodium chloride concentrations caused trouble.”” Although 
the polarity of his cell was not mentioned, the mereury electrode 
was positive in the outside circuit unless the erystal itself had an 
eM.F. due to asymmetry. With that polarity, if calcium nitrate 
behaved like caletum chloride, as it should because of its similar 
transference number, the sign and magnitude of his differences in 
EM.F. at Various salt concentrations were those to be expected if 
also they arose from liquid junctions. 

A few additional experiments were performed to check this. 


The cell 


+Ag ! (Solution 1) CaCl, (0.05 m) | (Selution 2) Ca(NO,), KCI 
(saturated) Hg,Cl, | Hg 


was measured. A paraffined paper replaced the fluorite crystal 
and the liquid junetion was made in a pinhole through the paraffin. 
Since Tendeloo used a 0.1 mM calomel cell, the data have been 
changed by 0.092 volt. This changed the sign of the mereury 
electrode from negative to positive. The e.w.r. of the cell with 
0.5m caleium nitrate as Solution 2 minus the e.w.r. with 0.05 m 
calcium nitrate as Solution 2 was 0.015 volt, compared with 
Tendeloo'’s value of 0.014 volt. Similarly the difference between 
0.05 and 0.005 mt caleium nitrate was 0.014 to 0.019 volt, com- 
pared with Tendeloo’s value of 0.0135 volt. In this case the 
results were erratic and there was undoubtedly a flow from one 
solution into the other. 

The data of Tendeloo on the use of the erystals in calcium nitrate 
solutions containing gelatin gave no additional evidence regarding 
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the source of the differences in E.w.r. However, two points in 
connection with his measurements in milk were of interest. — First, 
a reasonable value for calcium concentration Was obtaimed. —E.M-LP, 
measurements with the perforated paraffin disk in milk diluted with 
an equal volume of water, when used as though the milk wasa 
solution of pure calcium nitrate, gave a value of about 0.005 
calcium compared to Tendeloo’s value of O.OOS wm. As the liquid 
junction potential depended on the mixture of salts in the milk, 
the value for the calcium concentration calculated from it had no 
meaning. 

The second point was the fact that Tendeloo observed no change 
in E.M.F. until 0.018 mM calcium nitrate had been added to the milk. 
This was explained as due to the complete binding of smaller 
amounts of calcium. If a liquid junction was the site of the change 
in E.M.F., the change with small amounts of added calcium nitrate 
would be much less than in pure calcium nitrate solutions because 
of the other salts present in the milk. 

In other words the data of Tendeloo, as presented, can be inter- 
preted more readily on the assumption that his cells contained a 
liquid junction at the erystal rather than an electrode, specifie for 
calcium. If the measured differences of E.w.r. were due to 
different liquid junctions, the results in gelatin solutions and in 
milk also require reinterpretation. 

It perhaps should be repeated that the Purpose of this report 
is not to imply that a true calcium electrode of the type described 
‘annot be obtained, but to indicate the difficulties involved before 
the question can be finally tested experimentally. 


SUMMARY 


Some experiments on the attempted use of calcite and fluorite 
crystals as calcium electrodes, which failed because of the high 
electrical resistance, have been described. A recent paper report- 
ing success in similar experiments has been criticized and the 
conclusion reached that the experimental feasibility of this type 
of calcium electrode is still an open question. 
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THE LIPOID PHOSPHORUS CONTENT OF HYPERTRO- 
PHIED HEARTS AND KIDNEYS IN THE RAT* 


hy STEPHAN LUDEWIG ann ALFRED CHANUTIN 


(From the Laboratory of Physiological Chemistry, University of Virginia, 
University) 


(Received for publication, June 16, 1936) 


Indirect evidence for a relationship between physiological 
activity and phospholipid composition of a tissue has been pre- 
sented chiefly by Bloor and his associates (1). On the basis of 
studies of the phospholipid content of such tissues as the corpus 
luteum (2), mammary gland (3), tumors (4), Wharton’s jelly (5), 
and musele (3, 6), the hypothesis has been formulated that the 
percentage concentration of phospholipid varies directly as the 
activity of the tissue. 

li Bloor’s hypothesis is correct, the phospholipid concentration 
of the hypertrophied heart and kidney should be inereased. Car- 
diae hypertrophy ean be produced secondarily to hypertension in 
partially nephreetomized rats (7); and protein ingestion affects the 
degree of renal hypertrophy in the intact and unilaterally ne- 
phreetomized rats (8). These experimental conditions afford a 
direct method for testing the relationship between physiological 
activity and phospholipid content of the heart and kidney. The 
results obtained in these experiments are not in agreement with 
Bloor’s hypothesis. 


Methods 


Albano rats of Wistar strain were used in these experiments and 
were mamtamed on a stock diet until they were between 60 and 70 
days old. At this time they were subjected to operation. The 
operative procedure has been repcerted elsewhere (7). The intaet 
rats were subjeeted to the procedure of exposure and replacement 


* This investigation was made possible by the Fdward N. Gibbs Prize 
Fund of the New York Ac adem of Medicine. 
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of the two kidneys; the unilaterally nephreetomized rats had the 
left kidney exposed and replaced and after a week the mght kidney 
was removed. Subtotal nephrectomy was performed by a two 
stage operation; about two-thirds of the left kidney was cut off from 
its circulation by ligation of the two poles; a week later the right 
kidney was excised. In addition, a group of animals was sub- 
jected to these respective procedures at this time and was sacrificed 
immediately for analysis of kidneys. These animals are desig- 
nated as stock controls. 

Immediately after the operation the animals were placed on one 
of the experimental diets listed in Table 1. These diets differed 
only in the percentage concentration of the extracted meat which 
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Diet No EM EM diet 
hal 

Starch $2 12 

Lard 14 14 14 

Salt mixture? j j 

N content, per cent 4 1S si 


* Obtained from Valentine's Meat Juice Company . Richmond, Virginia. 
t Osborne, T. B., and Mendel, L. B.,. J. Biol. Chem., 37, 557 (1019) 


was the principal source of protein. To prepare the extracted 
meat lean beef muscle was ground and thoroughly extracted with 
hot water, pressed free of fluid, dried in a steam-heated container, 
and ground to a fine powder, A maximum of eight rats WAS 
allowed to a double bottom eage, and food and water were always 
available. When the animals were sacrificed at variable intervals 
after operation, they were all in good health and more than 4 
months old. 

After the animals were sacrificed, the hearts and kidneys were 
immediately removed. The heart ventricles were separated from 
the atria, blotted ol and weighed. The kulney Wits 
dissected free of fat, dried on filter paper, and weighed. These 
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tissues were immediately macerated in a mortar with the aid of 
ground glass. The extraction of the lipids was done according to 
the method of Osato and Heki (9). The lipoid phosphorus was 
determined in this extract according to the procedure recom- 
mended by Man and Peters (10). 


Taste Il 
Lipoid Phosphorus Content of Non-Hypertrophied and Hypertrophied Hearts 
: 
* . 
Gn 
~ Sait 
J 
4. = 
meg my. | mq 
1. Intact EM. 10 1+ 7.40° | 168 
@ i ists 7.6 21 16S 
“ 40) 79 | OW 167 
@ 7H | OD 10 
Il. Unilateralls nephree- 7 22 172 
40) 1212 7% | 0.21) 163 
th M64 755 om 169 
Partially nephreetomized 10 “ 10 | 68 | 0.23 
animals with heart " “ @ 
weight to surface area | 10 11292 9B 
ratios within normal 12 2+ 167 
limits of Groups and II | 
IV. Partially nephreetomized " ~ OO 
animals with heart 16 “ @ 213 
weight to surface aren “ F7.% 
rath above normal > + 12 


limits of Groups Land | 


*The mean deviations were obtained from beth the intact and the uni- 
laterally neph res d 


The degree of hypertrophy of the heart and kidney was expressed 
by the formula (heart or kidney weight/surface area) X 100, 
representing the mg. of heart or kidney tissue per 100 sq. em. of 
surface area. Similarly, (total lipoid phosphorus /surface area) X 
100 was calculated to express the concentration in mg. of lipoid 
phosphorus per 100 sq. em. of surface area. The surface area 
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was calculated by the formula of Lee (11) from the weight of the 
animal at the time of sacrifice. The mean deviation of the mean 
was calculated according to the formula recommended by Seott 
(12). 
R ul {s 
Heart—Table IL presents the data showing the lipoid phosphorus 


content of the hearts of intact, unilaterally, and partially nephree- 


Taare Ill 


Lipoid Phosphorus Content of Kidneys in Intact and U nilaterally Nephree- 
tomized Rats Fed on Di flerent Diets 


Intact 12 EM. OM TH ~) 
12 tw) + 11 40 
nephrec- ri 2) SO OH ID 
tomized + 9.75 O58 152 3H 142 
12 Steck control M24 6 W 


* The mean deviations were obtained from both Ereeupes 


tomized rats on the various diets. Cardiac hypertrophy was not 
considered definite unless the heart weight to suriace area ratio 
exceeded the highest value obtained in the same control dietary 
groups. It is seen that the percentage concentration of lipoid 
phosphorus is constant in all groups. The lipoid phosphorus per 
unit of surface area is also constant in all animals with heart 
weight to surface area ratios within the normal! range, but is 
elevated in those animals with hypertension and cardiac hyper- 
trophy. 
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Kidney Table ILL presents the data showing the lipoid phos- 
phorus content of the kidneys of the intact and unilaterally ne- 
phrectomized rats on the various diets. The effeet of diet on the 
degree of kidney hypertrophy was made by a comparison with 
the respective stock controls. 

The percentage concentrations of lipoid phosphorus are rela- 
tively constant in the various groups. It is noted that the kidneys 
in general are larger per unit of surface area as the percentage of 
protein in the diet increases. With the stock controlsasastandard 
of 100 per cent, it is seen that the percentage values for kidney 
hypertrophy and phospholipid concentration per umt of surface 
area closely parallel each other in the intact and unilaterally 
nephreetomized groups. 


SSION 


Bloor (4) stated that extra work in a tissue results in normal 
hypertrophy with an accompanying increased percentage of 
phospholipid. This idea was based on a comparison of different 
skeletal muscles of variable activity in the same animal and of the 
same muscle in different species of the same animal. There is no 
evidence, however, to show the effeet of hypertrophy in the same 
musele or organ in animals maintained under the same conditions. 
In the present experiments, hypertrophy of the heart was a result 
of hypertension. A relationship between the degree of cardiac 
hypertrophy and the height of blood pressure has been demon- 
strated (15). Widnev hypertrophy was produced by feeding diets 
Varying in protein content. 

The phospholipid concentration of the hypertrophied heart was 
not increased above that of the non-hypertrophied heart. A sim- 
ilar result was obtained for the creatine concentration of these 
hearts (14). Since these experiments were performed on rats of 
the same strain, the various groups being maintained under the 
same dietary and experimental conditions, it is felt that the 
negative results obtained for the lipoid phosphorus are significant. 
It was likewise noted that the phospholipid concentration of the 
hypertrophied kidneys in both the intact and unilaterally ne- 
phrectomized rat was not affected. 

It has been shown that the amount of phospholipid per unit of 
surface area in both the heart and kidney parallels the degree of 
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hypertrophy without any accompanying percentage increase in 
concentration. Since the function and activity of these two tissues 
are so different, the evidence appears to indicate that phospho 
lipids form an integral part of the cell protoplasm and are increased 
proportionately to cell hypertrophy. 


SUMMARY 


The hearts and kidneys of intact, unilaterally, and partially 
nephrectomized rats fed diets containing 10, 20, 40, and 60 per 
cent extracted meat were analyzed for lipo phosphorus 

There is no increase in the percentage concentration of lipoid 
phosphorus in the hypertrophied heart and kidney. The lipoid 
phosphorus content per unit of surface area parallels the degree of 
hypertrophy in the heart and kidney. 

The data presented do not favor Bloor’s hypothesis regarding 
the relationship between phospholipids and physiological 
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THE DETERMINATION OF CREATININE WITH SODIUM 
3,5-DINITROBENZOATE 


hy WILSON D. LANGLEY ano MARGARET EVANS 


(From the Department of Biological Chemistry, the University of Buffalo 
Medical School, Buffalo) 


(Reeeived for publication, June 22, 1946) 


The reaction of pierie acid with ereatinmme in alkaline solution 
(Jaffe’s reaction), which is the basis of the Folin method (1) for 
the determination of creatinine, has been thought to be either a 
reduction of the acid or else the formation of a red tautomer of 
creatinine pierate. Greenwald (2) obtained evidence that the 
tautomerism involves pierie acid as well as creatinine, and that 
other mitro compounds give no color under the conditions used 
(2 4). The reaction, therefore, has been thought to be pecular 
to this one acid. However, similar rearrangements probably 
account for the color in alkaline solution of many nitro com- 
potimds, such, for instance, as trinitrobenzoie acid, which dissolves 
in ««lium earbonate to give a pale vellow solution of the sodium 
salt, but gives a deep red color with excess of sodium hydroxide. 
Any nitro compound which behaves in this way toward alkah ts 
obviously unsuitable for use in place of pierie aekd in the Folin 
lure 

It has been found im this laboratory that 3 robenzote act 
gives a brilliant garnet-red with ereatimme in alkaline solution 
and can be used for it< determination. Under similar conditions, 
the acid alone gives no red. We have repeatedly purified the acid 
by reervetallization from aleohol and obtained a produet which 
did not change in its color-producing qualities as purnfieation pro- 
ceeded. The chromogenie property reached a maximum with 
the maximum purity. On the other hand, one bateh of the erude 
acid, as purchased, contained a vellow substance which influenced 
the reaction in such a way that the color obtained was very pale 
and very quickly destroyed. Greenwald and Grows (4), who have 
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overlooked the color which is given by the acid, may have done so 
because of the presence of this impurity in their solutions 

The behavior of the new reagent toward creatinine of urine and 
of blood has been compared with that of picrate, and its use has 
been found to be advantageous. When pure, the reagent gives a 
very pale yellow solution of the sodium salt, which color is neligi- 
ble when amounts of creatinine greater than 0.025 mg. are deter- 
mined. With amounts greater than this, the color is easily read 
in a colorimeter and can be attributed entirely to the creatinine 
without detectable error burthermore, the reagent cle Vvelops less 
extrancous color than pierate with certain substances such as 
giucose and acetoacetic acid, which frequently occur in urine and 
blood. ( onseque ntly, the values obtained by analysis of such 
solutions are more trustworthy than those obtained with the Folin 


procedure 
EXPERIMENTAL 
Purif cation of 3 5-Dinitrohe Acid 


The acd, purchased from the Eastman Kodak Company, 
melted from 200-204°) Of this impure acid, 50 gm. were dissolved 
in LOO ce. of boiling SO per cent aleohol. The solution was filtered 
ana cooled to about 3 whereupon ervstals formed within few 
minutes. After about : hour at 5°, the ervstals were filtered off 
and were washed with 50 per cent alcohol. For use, in this in- 
stance, a second reerystallization was necessary in order to remove 
the vt liow completely The purified Wie very 
parle vellow in color and melted at 204-204.5° (eapillary tube) 


Pro paration of his (je ni tt I’ C's nf Sodium nitrobe nzoale } 


The acid is not readily soluble in water, but dissolves in sodium 
carbonate solution with evolution of carbon dioxide. 30 gm. of 
the acid were suspended in 420 cc. of water, and SO ce. of 10 per 
cent sodium carbonate were added. When no more of the acid 
dissolved, the solution was filtered and was ready for use. 

The reagent was nearly colorless, but several preparations were 


comparable in color to a solution containing | ce. of saturated pierie 
(room temperature ) in liters of water. A large part of the 
acid may be recovered by adding HC! to the solution after the 
determination. Reerystallization from aleohol in the presence of 


| 
| 
| 
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norit to remove adsorbed colored material vields a product suitable 
for further use. 


Determination of Creatinine in Urine 


Reagents 

6 per cent sodium 3 ,5-dinitrobenzoate. 

5 per cent sodium hydroxide. 

Standard solution of creatinine in 0.1 N HC]. 

Procedure —To 1 ee. of creatinine standard (© 1 mg. of creati- 
nine in O.1 Nw HCI) in a tube graduated at 25 cc., and to 1 ec. of 
urine in another, are added 20 ce. of 6 per cent sodium dinitro- 
benzoate (graduated evlinder)' and 2 ce. of 5 per cent sodium 
hydroxide. The solutions, diluted at once to 25 ce., afe mixed, 
and, after 10 minutes, comparisons are made in a colorimeter. 
The caleulation is as usual. The reactions with the standard and 
the unknown must be earried on within 5 minutes of each other 
aril the ¢ OMparinan should be made within 30 minutes after com- 
pletion of the color development. It solutions with less color are 
desired, dilution may be made to 50 ce. without decrease of stabil- 
itv of color. If diluted to 100 ce., 5 per cent fading occurs in 5 
minutes 

Cbeervations on Color reaction of 3 .5-dinitrobenzoate with 
creatinine corresponds to that of picrate in that a large excess of 
the reagent must be used for full color development. With the 
amount stated, the color develops rapidly (10 minutes) from violet 
to garnet, which remains for 5 minutes, and then fades slowly (1 
hour) through erimson to reddish brown. The hue and intensity 
of the color depend upon the purity of the 3 ,5-dinitrobenzoate, the 
color with impure reagent being definitely inferior, With less 
than 20 ec. of 6 per cent dinitrobenzoate, complete color is not 
evolved and the changes in intensity and hue are more rapid. 
With 2 ce. of 5 per cent NaOH, a pink color (indicator effect) may 
he formed with some preparations of dinitrobenzoate in the 
absence of creatinine, although with the pure reagent such color is 


' Lice. of 3 per cent sodium dinitrobenzoate and 2 ce. of 5 per cent sodium 
hydroxide may be used, in which case the color is less deep by about 2 
per cent and is less stable. It is desirable that the standard and the un- 
known be made simultaneously and that the reagent be measured with 
A pipette. 


| 

| 
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Inappreciable This indicator color may be removed by the cares 
ful addition of WKH.PO, without destroving the color due to creati- 
mine. A 0.2 M solution of KH.PO, (27.2 gm. per liter) is conven- 
lent, and the amount to be added is determined readily with a 
control tube. 

bading is more rapid than with pierate and depends to a large 
extent upon the alkalinity of the solution. The color is destroyed 
at once by acid and returns when the solution is made alkaline. 
With less alkali than is preseribed, the color is not proportional to 
the creatinine content; with more alkali, the reaction is too rapid. 
Under the conditions given (2 ce. of 5 per cent NaOH and 20 ce. of 
6 per cent dinitrobengoate) there is an interval of about 5 minutes 
after the maximum color development when fading is not notice- 


able. This constancy of color may be attributed to equal rates of 


color development and of fading. 


The values are given in mg. per ce 


Present + 
| i2 1m 


Found ox 


Rach solution was compared against the same standard which contained 


1.0 mg. of creatinine. 


The sensitivity of the reagent was tested toward a number of 


substances, several of which are known to interfere with the color 


in the plerate procedure, No color deve with glucose 


10 per cent solution, nor with creatine, arginine, methyviguanidine, 


as<dimethylguanidine, guanidine, fructose, and cystine. Less 


color is given than by pierate with acetone and acetoacetic nen, 
but the reagent is similarly sensitive toward uric acid, furfural, 
and formaldehyde. Amounts of uric acid 10 times greater than 
are present In normal urine do not interfere in the determination of 
creatinine 

That the color obtained ts proportional to the amount of ereath 
nine is illustrated by the data of Table I, in which water solutions 


of creatinine were analyzed. 
In order to determine whether or not the values for urimme are the 
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same as those given by pierate, determinations with the two 
reagents were made. Purified picrie acid was used throughout. 
The values obtained with picrate are slightly lower than those with 
dinitrobenzoate, but the differences are not signifieant. The 
figures given (Table IL) are typical of a number of analyses which 
were made. 


Il 


(‘om par: of Picric Acid and 3 .5-Dinitrobenzoic Acid for Anal yais of 
Urine for Creatinine 


The values are given in mg. per ce. 


Urine No I til | 


Pierte acid 254 '1.72) 1.21 084) 1.57 | 0.99 
Dinitre 258 183 '124'085 | 162'1.02 


Urine | represents urine colleeted after ingestion of creatinine; Urine 
Il, tee. of Urine | + 5 ce. of water; Urine II], 5 ec. of Urine I + 5 ce. of 
water + 5 ce. of creatinine solution (o 5 mg. of creatinine); Urines IV, V, 
and Vi were normal urines. Urine | was modified as indicated in order to 
demonstrate that no substance other than creatinine of the urine influenced 
the color 


Determination of “Apparent Creatinine” of Blood 


he agents 

Saturated solution of sodium 3.5-dinitrobenzoate, made from 
20 gm. of dinitrobenzoie acid, 150 ee. of water, and 50 ce. of 10 per 
cent sodium carbonate. 

10 per cent sodium hydroxide. 

Standard solution of creatinine in O01 N HC] 

Procedure To 10 ce. of tunastiec achd filtrate (bolin-Wu) in a 
test-tube amd to OL or 0.005 me. of creatimme in lO ce. of solution 
in another are added 3 ee. portions of saturated sodium dinitro- 
benzoate and O35 cc. of LO per cent sodium hydroxide. The tubes 
are shaken and allowed to stand for 10 minutes. Within the 
following 10 minute interval the solutions are compared in a 
colorimeter, The readings are referred to a graph (see below) 
trom which the creatinine content of the filtrate is established. 

Construction of (rraph of Creatinine Values ~-When determina- 


tions of creatinine are made upon amounts smaller than 0.03 mg. 
per LO ee. of solution, the color obtained is not proportional to the 
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creatinine content. A similar statement mw true for the pienic 
acid procedure (5). Before nccurate values are obtained it Is 
necessary that solutions containing from 0.003 to 0.03 mg. portions 
of creatinine per 10 ce. be carried through the above reaction and 
compared one with another. Graphs correlating the colorimeter 
readings with creatinine concentrations can then be made. These 
graphs show that high values for creatinine of blood filtrates result 
when calculations are made in the usual way. 

Observations Regarding Color Because of the small amount of 
creatinine in filtrates from normal blood, concentrated reagents 
are necessary to give sufheent color for use in a colorimeter. The 
3 ec. of saturated dinitrobenzoate are most convement, bout deeper 
colors may be obtained by dissolving 0.3 gm. of dry sodium dinitro- 
benzoate in the 10 ec. of filtrate. Fading is rapid, and the time 
interval between completion of the color development and com- 
parison be correspondingly short (‘ondition- lor greater 
stalnlity of color were sought for without success 


Com par of Picrat and Dinitrobe Proce di fo calinine 


of Blood 


Whereas the erate values for creatinine of retention bloods 
usually are aceeptable, those reported in bloods with normal 
or low creatinine content are subject to serious doubt (5 a). 
The color due to the erate alone is enormously deep is 
pared with that due to the creatinine, and there seem to be 
substances in blood other than creatinine, Which renet with the 
pierate to produce extraneous color. The first of these objections 
does not apply to determinations with dinitrobenzoate, inasmuch 
as the color obtained with a filtrate is much deeper than with the 
reagents alone. The second objection applies much less to the 
dinitrobenzoate than to the pierate procedure, as the reagent is 
more specific in its reaction, and as the interfering brown color 
from the filtrate can be judged with more accuracy 

For comparison of the two procedures (8), tungstic acid filtrates 
were used. Each filtrate represented mixed blood from three or 
more patients, all with normal or slightly high urea nitrogen. 
They were analyzed by both procedures; the figures are recorded 
in Table IIL. The picrate values, except for two, are higher by 
about 0.4 to 1.0 mg. 


TE 
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In order to establish the more accurate values, filtrates were 
analyzed by both procedures, and then the creatinine of similar 
portions of filtrate was removed by adsorption upon Lloyd's 
reagent and determined after liberation from the adsorbent by use 
of MgO, as described by Gaebler (5). The analyses are recorded 
in Table LV. 

The values for adsorbed creatinine, as determined by the two 
reagents, agreed within the experimental error of the methods and 
were essentially the same as those obtained by use of dinitro- 


Taste Ill 


Picrate and 3,45-Dinitrobenzoate Analyses of Blood for Creatinine 


Filtrate No Pierate | | Filtrate No | Pietate 
mg. per 100 ce. | mg. per 100 ce. | mg. per 100 ce | mg. per 100 ec. 
10 os 12 hs 
4 1 14 2.1 1 6f 
10 Is } 48 


Values for both procedures were determined from graphs. Bloods had 


been drawn 4 or 5 hours before analysts. 

* Filtrates 12 and 14 were matched against a blank; the creatinine color 
was doubtful 

+ A blood with high creatinine content is included in Filtrate 13 


benzoate without adsorption of the creatinine. It seems, there- 
fore, that with dinitrobenzoate, very nearly true values for ereati- 
nine of blood may be obtained directly upon filtrates. This 


cannot be said of the pierate procedure. 

Creatinine 3.3-dinitrobenzoate may be prepared by mixing hot 
aleohol solutions of creatinine and of 3 .5-dinitrobenzoie acid. 
The salt separates almost immediately, and may be filtered off 
with nearly quantitative vield when the solution has cooled. After 
recrystallization from hot water (SO ce. per gm.) or from 50 per 
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cent alcohol (1.6 gm. per 100 ce.) it is white, crystalline, and 
anhydrous. It decomposes with effervescence at a temperature 
which seems to depend on the rate of heating, usually between 230 
240°. The creatinine content, determined colorimetrically, is 35 
per cent. The caleulated value ts 34.7 per cent. The salt is not 
readily soluble in water (about 0.035 gm. in 100 ce. at 20°), but 
dissolves when sodium bicarbonate is added. Owing to the in- 
stability of creatinine in alkaline solution, the salt is not recom- 
mended as a standard for creatinine determinations. 


Taste IV 
Creatinine of Filtrates he fore and after Adsorption upon Lloyd's Reagent 
The values are given in mg. per 100 ec. 


Without adsorption Adsorption 
Piltrate No 

Thnitrobenzoate Pierate Di nit robenroate erate 
03 “4 os 
4 “45 11 
“42 11 ti 


Creatinine in amounts up to O48 mg. per lice. om pure solution “was 
accounted for quantitatively by the procedures used 


A study was made of the conversion of creatine into creatinine 
by heating in a water bath with 3,5-dinitrobenzoie acid, which 
then was used for the development of color tn situ The conver- 
sion requires heating for 3 hours with excess of the acid, and 
therefore offers no advantage over the well known procedure with 
hydrochloric acid. The extraneous color produced as a result of 
the heating with urine is negligible, but the exeess acid dissolves 
slowly in sodium carbonate so that the development of color must 


he delaved longer than is desirable. 
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SUMMARY 


Procedures are described for the determination of creatinine of 
urine and of blood with sodium 3,5-dinitrobenzoate and alkah. 
With this reagent the extraneous color is negligible when amounts 
of creatinine greater than 0.02 mg. per 10 ec. are determined. 
The color is more easy to read in a colorimeter than that obtained 
in the Folin pierate procedure. The reagent is more specific 
toward creatinine than is pierate, and with tungstie acid blood 
filtrates the values are practically identical to those obtained after 
adsorption of the creatinine upon Lloyd's reagent. 


Addendum The authors had not seen the article by Benedict and Behre 
(9) on the use of 3.5-dinitrobenzoic acid for the determination of creati- 
nine until after the proof of this paper had beencorrected. Our work, there- 
fore, should be considered as supplementing theirs 
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THE NITROGEN PARTITION IN THE URINE OF 
VARIOUS PRIMATES* 


By MARGARET B. RHEINBERGER 
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New Haven) 
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In spite of the fact that primates within recent years have 
assumed an increasingly prominent position as laboratory animals, 
many phases of their physiological functions have received seant 
attention. Reports on the partition of the urinary nitrogen of any 
of the primate group are limited to the study of Hunter and 
Givens (41) on a green monkey and that of Wakeman and Morrell 
(83) on macaques, 


Methods and Procedures 


Animals Used —The experiments ineluded observations on 
sixteen animals representing ten species (Table 1). With three 
exceptions all were normal, unoperated animals. The gibbon, 
the chimpanzee Darby, and the spider monkey had made com- 
plete recoveries from neurological operations performed 2 years 
to 3 months previously and the lesions were not such as to influence 
the results of this investigation. 

In order to complete the primate series, as well as for comparison 
of results, analyses were also made on the urine of two normal 
human subjects. 

Feeding and Care of Animals The feeding habits of subhuman 
primates make them ill adapted to the prerequisites of a metabolic 
experiment. Synthetie diets and food mixtures were erratically 


* The data in this paper are taken from a dissertation presented to the 
Graduate School of Yale University in partial fulfilment of the require- 
ments for the degree of Doctor of Philosophy. 

This investigation was aided by a grant from the Research Funds of the 
Yale University School of Medicine. 
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eaten and often scattered so badly that measurement of amounts 
proved impossible. Forced feeding of liquid diets was imprac- 
ticable with the larger and less tractable animals. The diet was, 
therefore, restricted to those foods forming a fairly complete diet 
which were most universally accepted, banana (73), white bread, 
and “chimeracker” (78). 

To avoid contamination of the urine by bread and cracker 
crumbs, limited feeding periods were employed on collection days. 
When there was a large variation between the quantity of bread 
and cracker which an animal would eat in the limited time and 
that consumed if the foods were available all day, two diets were 


‘Jase fication of A ri imals fou rrafion 


Name used Genus and species * 
Old World apes 4 Macaques Macaca mulatta (rheaus) 
and monkeys Pig-tailed monkey nemestrina 
] Sooty mangabes (ercocehbus torquatua atys 
2 Baboons Papio papio 
] Gibbon Holohate lar 
l | Orang-utan (Lulu) Pongo 
aa Chimpanzees (Darby, Pan satyrus 
Ghandi, Joan) 
New World Capuchin Cebus albifrons 
monkeys l Spider monkey Ateles qe off oye 


* For classification see Zuckerman and Fulton (94) 


fed. Diet 1 contained those amounts of food which were eon- 
sistently eaten by an animal during the course of a day. Diet 2 
contained only that quantity of bread and eracker which was 
consumed during a Ltoa 1} hour period. To minimize the effects 
of such a change, Diet 1 and Diet 2 were continuously alternated 
in the preliminary period, as well as during the subsequent time, 
when collections were made every other day, coincident with the 
feeding of Diet 2. All foods were weighed and the diets kept as 
constant as possible, although variations in appetite were met with 
frequently in all the animals. The two students whose urine was 
analyzed were restricted to the same foods as the animals, the 
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weighed daily ration being divided into meals which were eaten 
at the same time every day. 

The compositions of the individual diets were calculated from 
the formula for chimeracker (78) and from analytical data avail- 
able in the Yale Laboratory of Physiological Chemistry. The 
diets may be considered as essentially free of creatinine, creatine, 
and the purines. The milk (6, 12, 17, 81) and oatmeal (4, 88) 
present in chimeracker give it a creatine, creatinine, purine nitro- 
gen Value of about 4 mg. for l0O0 gm. of cracker. Ingested nitrogen 
from this source amounted to less than 0.2 mg. per kilo of body 
weight for all subjects except the chimpanzee Ghandi who con- 
sumed 0.4 mg. per kilo. 

The animals were kept in regulation metabolism cages during 
the experimental period. Food was given twice daily, cracker 
and bread being fed in the morning and banana in the afternoon. 
The pan of the metabolism eage was thoroughly cleaned after the 
cracker and bread feeding on the days when collections were made. 
Water was available at all times but the containers were so placed 
thacet they could not be ~pilled or contaminated with urme and 
feces. No determinations were made until the animals had been 
on the diet at least L week. 4 days were allowed for the students 
to reach equilibrium, 

rine Collections The urine was collected under toluene with 
enough acetic acid to change the normally alkaline reaction to one 
which was slightly acid, thus avoiding the possible loss of ammonia. 
Following the procedure of Hunter and Givens (41), 48 hour 
collections were made in the beginning of the series; the urine was 
combined with eage washings and made up to 1 liter. Later, 
however, the necessity for modifying the diet on collection days 
kul to the use of 24 hour specimens, collected every other day, 
which, with cage washings, were not diluted to more than 14 to 2 
times the origimal volume. Owing to the difficulties involved in 
the catheterization of such a group of animals, the periods were 
delimited solely by the times of placing and removing the collee- 
tion bottle. A fair degree of regularity in habit and the facet that 
the beginning of the morning activities was associated with the 
urination made it possible to choose a 24 hour period which began 
and ended with a known voiding time. 

The collections of human urine were made from 8 a.m. to 8 
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a.m. These urines, being alkaline, were treated with acetic acid 
as were the animal urines, and were collected under toluene. The 
number of analyses made for any subject was determined by the 
constancy of the results obtained. 

Analytical Methods — The urine samples and cage washings were 
measured and filtered, and the analyses begun as soon as possible, 
With the exception of the distillation of the nitrogen determina- 
tions, all analyses were completed the same day. The analysis of 
the human urine was in every respect similar to that of the other 
samples. 

Total nitrogen was determined by the macro-hjeldahl method 
((62) Methods), urea and ammonia by the urease, aeration, and 
titration technique of Van Slyke and Cullen (79, SO) ((62) Meth- 
ods). Both methods were controlled by frequent blank deter- 
minations and by recoveries of the usual standard solutions, 

The Folin procedures (25) for total and preformed creatinine 
were used. Although the autoclave method for total creatinine ts 
not accurate for diabetic urine ((62) Methods), tests with added 
glucose showed that the amount of sugar present in any of the 
urine samples in this series was not great enough to influence the 
determination. 

kor the determination of arre acid the direct colorimetric pro- 
cedures of Benedict and Franke (2) ((62) Methods) or Folin (26) 
were employed. Although both gave satisfactory recoveries of 
added une acid, it was felt that the latter offered an advantage 
in that the cloudiness which sometimes complicated the Benedict- 
Franke readings was never encountered. The Folin method was 
therefore used for all determinations except those on the macaques 
and the pig-tailed monkey. Sodium tungstate, free from phenol 
reagent, was secured from the Mallinckrodt Chemical Works and 
tested with potassium xanthate as suggested by Folin (27). On 
the basis of the total nitrogen content, with the urine obtaimed 
from the larger animals and the capuchin, dilutions of the same 
order of magnitude as those used for samples of human urine were 
possible. For the samples obtained from the other animals the 
dilutions were 4} to } as great. That the figures for ure acid 
obtained by the direet colorimetric procedure are correct absolute 
values is not claimed. The methods of Folin and of Benedict and 
Franke were devised and tested by their authors only for human 
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urine, in which the proportion of uric acid to other nitrogenous 
material is much higher than in most other mammals. The 
reagents used are not specifie for urie acid, and it is possible that 
the figures obtained from the urines of primates may not be highly 
accurate. However, in macaques our figures agree closely with 
those of Wakeman and Morrell (S3) who employed the Folin-Wu 
precipitation method. The urie acid figures obtained by the 
present direct colorimetrie procedure are at least of interest in 
indicating species variation observed with a constant method. 

Total purines were precipitated by the Kriger-Sehmid (46) 
method with the modification suggested by Benedict and Saiki 
(3, 56). Aecording to Benedict the addition of acetic acid to the 
urine allows the quantitative precipitation of ure acid as well as 
the purine bases, including hypoxanthine, xanthine, adenine, 
7-methyvixanthine, and theophylline. The combined precipitate 
of urie acid and purine bases was collected by suction on a mat of 
washed asbestos in a 10 ce. Gooch erucible and washed. The 
crucible was then transferred to a Kjeldahl flask and the total 
nitrogen content determined by the Kjeldahl method. The 
filtrate gave no further precipitate when boiled with additional 
reagents. Blank determinations on the reagents yielded no 
nitrogen, 

The nitrogen of the preeipitate represented the nitrogen content 
of the total purines present in the urine (purine bases and uric 
aed). The urie acid nitrogen, obtained by the Benedict-Franke 
or Folin methods, subtracted from the total purine nitrogen gave 
the value for the purine base nitrogen. 


Disc 


Total Nitrogen Evreretion The data for the dietary and ex- 
eretory nitrogens are given in Table IL. It will be seen that, 
although the nverTuge nitrogen per kilo of weight ingested and 
eliminated by the individual tends to be lower and more variable 
in Group B than Group A, there is no constant relationship in 
either group between the total nitrogen per kilo exereted and 
(a) the average nitrogen per kilo ingested in the diet, (b) the nitro- 
gen per kilo ingested on the day of the collection, (¢) the fall im 
nitrogen intake as a result of the change from Diet 1 to Diet 2. 

That the variations observed may be accounted for by factors 


Tasre Il 
Dietary Nitrogen and Total Nitrogen Excretion 


Group A represents animals ingesting constant diets; Group b, animals 
Diet 1 consists of the food 
consumed on the days when no collections were made; Dict 2, the food 
consumed on the days when urine was collected; average dict, one-half the 
food consumed in a 2 day period on the alternating Diet 1, Diet 2 régime. 
The age symbols are |. = immature, A. = adolescent, M. = mature. 


ingesting varying amounts of Diet | as Diet: 


A nimal 


Group A 


Macaque | 


Pig-tailed 
Sooty mangabey 


Minimum 

Maximum 
Average 
Group B 


Baboon 1 
** 


Gibbon 
Lulu.. 
Ghandi 
Darby 


Capuchin 


Spider mor 


Minimum 
Maximum 
Average 
Students 
M. BR. 


monkey 


Tufted mangabey 


ikey. 


We 


Age 
A. 
“ 
I. 
A. 
1. 
~A. 
A.-M. 
M. 


Diet 
per kilo | per kilo 
“4 moo 
ooo 440 44 1000 
de 230 23 
113 moo 280 S38 1000 
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o440 44 
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wi 400 24 450 
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other than the diet (inaccurately delimited urine collections and 
individual characteristies of the animals) is also suggested by the 
results of Wakeman and Morrell (83). In experiments in which 
the quantitative consumption of the food was insured by the use 
of liquid diets administered by stomach tube, animals ingesting 
0.21, 0.19, and 0.13 gm. of nitrogen per kilo excreted respectively 
72, 50, and 66 per cent of the ingested nitrogen. Another animal, 
reported as not in very good condition, had a nitrogen intake of 
0.18 gm. per kilo of which the urine nitrogen represented 102 per 
cent. 

An abrupt fall or rise in nitrogen consumption is associated under 
normal conditions with a change in a similar direction of the 
amount of total nitrogen exereted, and a continued gradual shift 
of the urinary nitrogen toward equilibrium with that ingested. 
The effect of a constant shift from high to low nitrogen intake and 
the reverse, as with the daily alternation from Diet 1 to Diet 2 
and back again, is questionable. It is probable that such a 
régime would lead to a smaller daily variation of exereted nitrogen 
about the mean of the two extremes resulting from the first few 
changes. Such an adaptation would explain why the nitrogen 
per kilo exeretions of Group B were only slightly lower than those 
of Group A. On this basis a comparison of the nitrogen exeretion 
of the two groups relative to the average diet rather than Diet 2 
for Group B would seem more justified. 

Although the diet is in all cases adequate by the standard of 
the White House Conference on Child Health and Protection (89), 
re. 0.24 to O.1 gm. of nitrogen per kilo of body weight with calorie 
intakes of 30 to 100 calories per kilo, the animals retain consider- 
able amounts of ingested nitrogen. Since the mature students 
were in apparent nitrogen equilibrium on the same diet with lower 
calorie and nitrogen consumptions per kilo, the nitrogen retention 
shown by the antmals may be explained in relation to their esti- 
mated ages as similar to that observed in children (43). | 

Nitrogen Partition The average results obtained from the 
urine analyses for each animal are given in Table ILI, while the 
percentages of the total nitrogen represented by cach constituent 
are found in Table IV. 

(a) Urea and Ammonra With the exception of the baboons 
and Macaque 4, the pereentage values for urea and ammonia are 
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comparable throughout the series (Table IV). In view of the 
apparently adequate nitrogen ingestions, the low urea and am- 
monia exeretions and the high undetermined nitrogen may be 
accounted for on the basis of the vegetarian diet (5, 22-24, 72) 
and the nitrogen retention already mentioned (43) rather than 
as a result of depressed nitrogen intake. That the baboons should 


Taste IV 


Urine pet cent of total N aa 

Macaque | 012 22I2Z0MW0 20 15 0.312.5 
5.7 1.8 1.46 1.5 
om 81 77 405245 08 24 200411 6 
O17 7% #2 06 
Pig-tailed monkey 016178 75 ' 3.32 8070 1.01.3 1.6 0.312.9 

Sooty om 72 GF TI T6111 OSD 

Tufted 012 72 @ 6410493 1127 1.7 1.016 
tr 54116105 11 26 16 1.021 
om 72 IS SS 79090 32722 1.5128 
Lulu 72: 28% 8260 2.2 1.0 1.714.2 
012 71 @ 48 7467 07 4.11.0 3.118.9 
016 7 732 268262319 24 0.6 1.814.1 
Joan 71 87 7.7 1.03.9 0.8 23.0182 
Capuchin 82 35 3.2 03 2.2 1.6 0612.7 
Spider monkeys 2655 4.7 08 26 1.1, 1.129 
MOR 841424644 0.2 1.8 0.3 1.8 3.4 
01318 9821432 5.3 5.2 0.3 2.6 6.3 1.7169 


show decidedly lower urea percentages than the other animals 
(Table INV) with dietary nitrogen and total nitrogen exeretions not 
significantly different, may possibly be due to a species charae- 
teristic, but is more probably explained by individual variation. 
The one animal, Macaque 4, showing a high ammonia value ts also 


the one animal of the series in which any pathological condition 
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was noted. Seemingly in good condition during the experimental 
period, it soon afterward developed a severe bloody diarrhea and 
it is likely that internal disturbance was present at the time of the 
experiments. 

(b) Creatinine and Creatine —Although diet has been shown 
to have some influence on creatinine and creatine excretions (1, 7, 
15, 16, DS, the conditions under Which these experuments 
were conducted do not invalidate the conception of the constaney 
of the absolute amount of creatinine excreted by an individual, 
Irrespective of the character of the creatine-creatinine-free diet 
consumed (23.25, 6S 70). The mean of the deviations from the 
average of the individual determinations for creatinine nitrogen 
for each animal is 11 per cent, with a standard deviation of 2.8. 
ne student, \l. R showed less than peere Variation from the 
menh, W hile nh average cde \ bation al per nt. ( 
sidering the probable error involved in obtaining quantitative 
collections ol urine, nn the normal variation of 5 to 10 per cont 
usually assumed in the definition of “constant creatinine elimina. 
tion,” these figures are indicative of constancy rather than vari- 
ability of the creatinine excretions in this series, 

Several points seem significant in the creatinine and creatine 
excretions of the animals. The group consisted mainly of im- 
mature and possibly adolescent individuals, Macaque 3, the pig- 
tailed monkey, and the spider monkey, being the only ones prob- 
ably approaching maturity. However, instead of the large crea- 
tine values which might be expected (29, 32, 35, 36, 53, 66), 
the majority of the animals exereted less than 20 me per day, 
which is considered indicative of a creatinuria in man (Table TLD. 
On the other hand, as seen in Table V, the creatinine nitrogen 
coefficients, except for that of the gibbon, ure hiagehae r than the 
range observed for man (36) ((62) Interpretations . Since this 
was also true of the green monkey and the macaques studied by 
Hunter and Givens (41) and Wakeman and Morrell (S38) re- 
spectively, the finding prol mbly indicates it characteri-th ally high 


endogenous creatinine metabolism in the subhuman primates. 

The low creatinine coefficient shown by the gibbon agrees with 
the low metabolic rate observed for this animal by Bruhn (10). 
Nevertheless, it is impossible to sav, on the basis of determinations 
made on one individual, whether or not the findings are charac- 
teristic of the species, 
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There is also (Table V) some suggestion of sex difference in the 
creatinine nitrogen coefficients of the mangabeys, baboons, and 


chimpanzees. 


In these species the coefficients for the male are 


higher than those for the female, but the small number of cases 
and the reversal of magnitude seen in the macaques preclude an 
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(c) ric Acid and Purines—The results of the urie acid and 
purine analyses are perhaps the most interesting of the series. 
The percentage of the total urinary nitrogen represented by these 
substances (Table IV) seems to indicate a gradual increase in the 
amount of endogenous urie acid excreted, proceeding from the 
Old World monkeys to the chimpanzee, and a similar change in 
the two New World species. The change occurs in the opposite 
direction from that which would be expected if it were a funetion 
of the diet alone. Fasting and low nitrogen diets have been shown 
to decrease endow nous ure ach excretion, while an 
follows a rise in the amino acid, carbohydrate, or caloric value of 
the food (13, 34, 47-52, 64, 71, 77). In this series, ingestions of 
the lowest number of calories and mg. of nitrogen per kilo of body 
weight are associated with the largest amounts of urie acid in the 
urine. 

A comparison of the Old World animals on the basi< of urie 
acid excretion relative to both the total nitrogen (Table IV) and 
to body weight (Pig. 1) differentiates the chimpanzees from a 
combined group of the monkeys, baboons, and gibbon, with the 
orang-utan Lalu holding an intermediate The com- 
parison becomes more striking when the group averages are sum- 
marized as in Table VI. It is also evident from Table VI that, 
although the magnitude of the total purine nitrogen exeretion 
appears to be an individual characteristic, the prPenprert tern of the 
total purines represented by urie acid emphasizes the group differ- 
ences established tor the Old World monkevs on the basis of urte 
acid alone. With regard to the total purine nitrogen and total 
nitrogen excretion the two New World <pecn ~, the capuchin cared 
the spider monkey, may be placed respectively at the upper range 
of the monkey-baboon-gibbon group and with the orang-utan 
On the basis of body weight, however, both have comparatively 
high une acid values, comparable to that of the orang-utan 

Urie acid represents a greater proportion of the total pruirnne 
nitrogen excretion of the human subjects than of any of the sub- 
human species, although the magnitude of the urie acid excretion 
ix less than that of the chimpanzee, both in relation to the total 
urinary nitrogen and to body weight. 

Iextensive studies the comparative “ology purine 


metabolism have included analyses of urines obtained from several 
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macaques (S4, 91), a green monkey (35, 38-40), a questionable 
eynocephalus (91) and capuchin (84), and three chimpanzees (91). 
The chimpanzees, on variably purine-free diets and with only 
approximately timed urine collections, exereted around 6 me of 
uric acid per kilo of body weight. The later analyses on the geeen 


Milligrams per Kilogram of Boay Weight 
4 


Mac aque 
2 
3 

Pig-tailed 2 

5, Mangabey 

Baboon 3 

Gibbon 

tulu® 

Ghandi® 

Darby” 

Joan" 

C apuchin 

Spider 

M.O. 


Fig. 1. Total purine and urie acid nitrogen exeretions per kile of body 
weight 


monkey vielded 0.34 mg. of uric acid nitrogen per kilo. With the 
other monkeys little or no urie acid was obtained, 

These experiments, based on the assumption of the quantitative 
oxidation of urie acid to allantoin (in animals exereting no urie acid), 
were supported by the presence of a uricolytic enzyme in the 
monkey liver (84). In the tissues of the orang-utan and chim- 
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panzee no such enzyme was found (85), nor is it present in man 
(59, 86, S87, 90, 92). 

The validity of the concept that lack of uricolysi< explains the 
excretion of uric acid by man and the chimpanzee as opposed to the 
monkey and other Mammalia may be seriously questioned. The 
majority of evidence from the recovery of ingested or injected 
purine substances (11, 14, 18, 30, 31, 39, 40, 57, 67, 74 76) and 
the experiments of Folin, Berghind, and Derick (28) showing that 
uric acid may he stored in the kidney nnd destroved by the blood 
of various mammals and man is in favor of some form of uric acid 
destruction in all species. Despite the absence of a uneolytic 
enzyme, man has been found to exerete significant amounts of 
allantoin associated with polvurias of various orgins (19 21, 44, 


Tarte VI 
Purine’ Nitro 
fetal Purine re fetal Purine 
Monkey group 293 16 o6 25 o6 
Orang-utan 27 1 1% 
Chimpanzees 35 os 27 11 
Man 16 26 u4 
Capuchin 2.2,16;06 | 67 
Spider monkey 26 11 1.3 44 1.4 2° 


45). Furthermore, the monkey, whose uricolytic power lies 
solely in the liver (S4 failed to show significant changes inn 
or urinary uric acid even in the terminal stages of experimentally 
produced yellow fever when the rise in blood amine acids, the 
proportional decrease im urea, amd the extreme hyvpoglveemiun 
showed severe liver damage (S2, 83). 

In man the liver is also apparently not important in) purine 
metabolism. Rabinowitch’s (63) case of acute vellow atrophy 
showed the same blood picture as reported by Wakeman and 
Morrell (S2) in the macaque with vellow fever. These results are 
the opposite of those obtained by Bollman and Mann (Ss, 9, 55) 
and MeMaster and Drury (54) after removal of the liver in the 
dog and rabbit respectively, and suggest a similarity in the mech- 
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anism of uric acid exeretion in the monkey and man as opposed 
to the other Mammalia. 

In view of the above discussion, the validity of comparing the 
primates on the basis of purine metabolism, as demonstrated by 
uric acid or allantoin exeretion, or the presence or absence of a 
uricolytic enzyme, may be questionable. Yet, the constancy of 
the endogenous urie acid and allantoin excretions in a species as 
a whole seems to be a characteristic so definite that Onslow (60, 
61) was able to show a Mendelian ratio for the transmission of the 
Dalmatian coach-«log peculiarity of exereting relatively large 
amounts of urie acid over allantoin. Zuckerman (93) has men- 
tioned purine metabolism as one of the physiological characters 
to be considered in the “funetional phylogeny” of the primates. 
Taking his data from Hunter and Givens (35, 37, 40, 42), 
Wiechowski (91), and Wells (S4, 85), he assumed a direct cor- 
relation between the absence of a uricolytic enzyme and ure acid 
as opposed to allantoin exeretion. Until such a relationship is 
proved for the primates, it would perhaps be more advisable to 
consider urie acid and allantoin as separate factors, both varying 
from the Old World monkeys to the apes in the direction of greater 
similarity with man. 

The New World monkeys of the series reported here excreted 
significant quantities of urie acid, comparable, per kilo of body 
weight, to that obtained from the gibbon or orang-utan. The 
higher exeretion in the spider monkey as compared with the 
capuchin may, perhaps, be indicative of the development of this 
physiological characteristic in the Platyrrhint in & manner similar 
to that in which it developed in the Catarrhini, while the fact 
that the animals exerete urie acid in any quantity, adds one more 
physiological factor in which the New World resemble the Old 
World primates 


SUMMARY 


1. A group of sixteen subhuman primates, representing eight 
genera and ten species, and two human subjects were studied for 
the partitioning of urinary nitrogen under as constant and com- 
parable dietary conditions as possible. 

2. The animals reacted similarly to children in retaimng vary- 
ing amounts of the apparently adequate dietary nitrogen. 

3. The distribution of urea, ammonia, creatinine, and unde- 


ee 
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termined nitrogen was similar to that observed by Folin with 
subjects on a vegetarian diet, and to that shown by children. 

4. High creatinine nitrogen coefficients as compared with the 
normal range for man were observed in all cases except the gibbon. 

5. An insignificant creatinuria was consistently present. 

6. The exeretion of the material determined by the direct 
colorimetric uric acid method, expressed as per cent of total nitro- 
gen climination or as a coefficient of body weight, is higher for the 
orang-utan and still higher for the chimpanzee than for the rest of 
the Old World animals as a group. 


I wish to express my appreciation to Professor John F. Fulton 
for the sympathy and encouragement which he has consistently 
given me. I am much indebted to Dr. Harold FE. Himwich, 
Professor John P. Peters, and Dr. Abraham White for assistance 
and advice in various phases of the work. 1 wish also to extend 
both thanks and sympathy to the other human subject who sub- 
sisted for 6 days on a diet of chimeracker and bananas. 
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In the study of the distribution of electrolytes between cells 
and plasma, Henderson (1), Van Slyke ef al. (2), and others have 
dealt principally with ions occurring naturally in relatively large 
concentration: o¢., biearbonate and chloride. Other ions, as 
lactate and urate, are present in normal blood in such low con- 
centration that the determination of their distmbution between 
cells and plasma is accompanied by particular technical difficulties. 
There are certain pathological conditions, however, of which gout 
is an example, in whieh the urate concentration in blood is in- 
creased sufficiently to reduce some of the technical difficulties. 
In the blood from such patients it is possible to measure the 
changes in distribution of this electrolyte between serum and 
cells with change in pH. 

In this communication there will be described certain physico- 
chemical properties of blood obtained from patients suffering from 
gout. Specifically, the applicability of the Gibbs-Donnan law of 
equilibrium to the distribution of urate ions in these bloods will be 
tested. A general description of the specimens of blood is un- 
necessary as no significant variation from normal human blood has 
been noted concerning chloride, bicarbonate, or hemoglobin con- 
tent. Our present purpose is the consideration of the concen- 
tration of urate in cells and plasma as a function of hydrogen ion 
concentration and degree of oxygenation of hemoglobin. 

Material and Methods -The three gouty patients in this study 
from whom blowl was obtained were suffering from reeurrent 
attacks of acute gout. The diagnosis in patients F. M. (3) and 
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I. N. was based upon the reeovery and identification of sodium 
urate crystals from cutaneous tophi. Patient M. T. had clinical 
gout, but at the time this work was done had developed no pal- 
pable tophi. 

Venous blood was drawn from these patients in the basal state 
and immediately defibrinated. Approximately 15 ec. portions of 
thix blood were added to tonometers at varving tensions of CO, 
and O, and were equilibrated in a water bath at 37.5° (3). After 
20 minutes of equilibration, whole blood for measurement. of 
oxygen content, carbon dioxide content, and urate concentration 
was removed. The remaming blood was transferred under oil 
toa graduated centrifuge tube and centrifuged tor three 20 minute 
periods. Calculation of the cell volume at infinite time was made 
according to the method of Hireta (4). Values for pH, were 
derived from the equation: 


pil, = ph’ low BHCO } low 


Urates were determined in whole blood, serum, and cells ae- 
cording to the method of Benedict and Behre (5) or that of Folin 
(6). In the experiment on January 28, 1936, the urate concen- 
trations were determined by both methods on aliquot portions of 
the same sample. The accuracy of the Benedict determination 
on aliquot portions of similar sera on subsequent days Was Investi- 
gated in seventeen samples obtained from as many patients with 
various pathological conditions. The urate concentration was 
determined first on each sample on the day when the blood was 
withdrawn. After the remainder of cach sample had been kept 
at 4° fora period varving between 2 and 6 days, the determination 
was repeated. In twelve of the sera the maximum variation was 
less than 0.02 milli-equivalent per liter. In the remaiming five 
samples the maximal variation was less than 0.04 milli-equivalent 
per liter. 

Samples of sera measured volumetrically and weighed samples 
of cells were used for determination of urate and chloride. Thedis- 
tribution between serum and cells was caleulated according to the 
equations: 


(1°). CHAD) 


(Cl). CHO) 
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In these equations the concentration of the urate ion (U‘) and of 
the chloride ion (CT) are expressed in milli-equivalents per liter. 
H.O was determined on weighed samples.’ 

In certain experiments the blood was treated as described above 
and without the addition of any substance. In other experiments 
from 0.5 to 0.6 milli-equivalent per liter of unneutralized urie acid 
was added to the whole blood. All of the urte acid which was 
added did not go into solution; therefore, it was necessary to filter 
these bloods through several lavers of fine gauze before equili- 
bration. 

Natural Occurrence of Urate within Cell 1t is assumed generally 
that urates are present naturally in blood cells as well as serum 
(7, 8) and that the erythroeyte wall exercises a conditioned per- 
meability in respect to the transfer of this ion (9). In view of 
Olmsted's recent report (10) that glucose is not present in human 
blood cells immediately after withdrawal from the body, it was 
thought desirable to carry out similar experiments concerning the 
presence of urate within the cell. For this purpose blood was 
drawn from patient F. N., placed in a centrifuge tube under oil, 
and centrifuged at once. No anticoagulant or other substance was 
wlded. The elapsed time between the withdrawal of the blood 
and the precipitation of the serum protein was approximately 10 
minutes. Urate was determined shortly after by the method of 
Benedict. Other samples from the same venesection were allowed 
to stand for 2 hours at 4° and 37.5° respectively, before analysis. 
Ina similar fashion samples were kept at 4° and 37.5° respectively, 
for 6 hours before analysis. At the end of 2 hours there was a 
decrease in (U), from 0.50 to 0.49 milli-equivalent per liter and 
at the end of 6 hours it had decreased to OAS. . No difference in 
urate distribution was observed between the samples kept cold 
and those kept warm. In another experiment done on the same 
day, (U). and (U), were determined as well as (U),. Blood from 
the same venesection as above was defibrinated under oil and 
portions were equilibrated at pH, = 7.30 for 15, 60, and 120 
minutes respectively, in the water bath at 37.5°. There was a 
decrease in (U), from 0.50 to O.AS milli-equivalent per liter over the 
2 hour period. The (U). remained unchanged at 0.21 and (U)>» 


‘In this paper the subseripts «, *, and b refer to cells, serum, and 
whole blood respectively. 
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decreased from 0.32 to 0.30 miulli-equivalent per liter during 
the same period. These data are interpreted as indicating that 
within the time limits of our experiment at a constant pH, there 
is no significant migration of urate from serum to cells and that 
urate does exist in cells tn vive. 

Change in (LU), and As a Function of pll,--In Table I 
are given data from four experiments on oxygenated blood to which 
no uric acid was added. In all experiments the reaction of the 
drawn blood was altered to give one set of determinations in the 
alkaline range near pH, = 7.60 and another set of determinations 
in the acid range near pH, = 6.80. This range of hydrogen ion 
concentration exceeds greatly the usual physiological variation. 
Associated with this change in pH, were the well recognized 
changes in cell volume and in (HCO) and (C1) distribution. 
The average change in pH, for the four experiments shown in 
Table L was OSL. The average decrease in (Cl), was 9.6 and 
the average inerease in (Cl). was S.S8 milli-equivalents per liter. 
The average increase in cell volume percentage was 3.2. The 
change in (U), was in the same direction as, and was roughly 
proportional to, the change in (Cl),. The data in Tables I 
>and IL are not correeted for the increase in free une aeid in 
the acid range. In an aqueous solution of pH 7.60 about 99 
per cent of the total urate in solution is in the form of sodium 
urate and only | per cent as free acid (11). At pH 6.80 about 
S4 percent is in the form of the sodium salt and 14 per cent as 
free acid. When these corrections are applied to the data the 
percentile shift is increased. Simultaneous with the decrease in 
(U), there was an increase in (U).. This change is similar to that 
observed for (Cl)... There was no change in (U), exeept in the 
experiment of January 23, 1936; the diserepancy of 0.12 muilh- 
equivalent in that experiment presumably was due to an error in 
determination. It is evident from these data that there is a mi- 
gration of the urate ion between serum and cells with varying pH 
and that this migration is like that observed for the chloride ton. 

Distribution of Urate between Cells and Plasma—This has been 
a subject for dispute (12, 13) since the introduction into clinical 
chemistry of micromethods for the determination of this constit- 
uent in human blood. It is generally accepted that the concen- 
tration of urate in exudates and edema fluid is similar to the 
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concentration in serum (14), but no such agreement exists con- 
cerning the distribution in blood cells and serum. The ratio 
23:100, not corrected for water content, given by Folin and 
Svedberg (15) is the lowest of any large series in the literature. 
When Benedict's ratio of 74: 100 (5) ts corrected for water content 
of serum and cells, a ratio of approximate unity is obtained. 

In Table IL are given the experimental data on blood to which 
uric acid was added. Eexeept for the addition of this substance 
to the blood the experiments were performed in the same manner 
as those depicted in Table I. Our principal interest in these 
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experiments was the changing distmivition ratio as a funetion of 
pH... In Tables T and IT and Figs. | and 2 the values for (U), 
are related tothe of the serum and not of the cell. the ratio 
is enleulated for pH within the cell and the data corrected aecord- 
inglv, the urate rin the acid range is slightly greater than shown. 

In these experiments it is presumed that the added une acid 
distributed itself between the serum and cells and behaved in a 
fashion similar to the urate already present. The percentile 
increase in concentration in serum and cells substantiates this pre- 
sumption. With increasing acidity (Fig. 1) the urate distmbution 
ratio inereased at approximately the same rate as the chloride 
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ratio. At pH, = 7.40 the average chloride ratio of the three 
experiments was 0.68. At the same pH, the average urate dis- 
tribution ratio was 0.60. Van Sivke, Hastings, Murray, and 
Sendroy (16) have shown by electrometrie measurements that the 
distribution of hydrogen ions between serum and cells is such that 
the ratio (aH*), (aH*). approximately equals 0.50 at pH, = 7.40, 
The agreement of the urate ratio with the reciprocal of the hy- 
drogen ion ratio is better than the iomie distribution of chloride 
and bicarbonate and suggests that the activity and the concen- 
tration of the urate ions are more nearly alike than in the case of 


chloride and Inearbonate. 
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Effect of Oryqenation-Reduction and pil, Change on rate 
tribution One experiment was performed to determine the effect 
of oxygenation and reduction of the blood in the acid and alkaline 
range on the distribution of urate between serum and cells. The 
data are shown graphically in Fig. 2. The anion distribution ratios 
predicated by Van Slyke, Wu, and MeLean (2) were lower in 
oxygenated blood than reduced blood at the same pH... In our | 
experiments at pH, = 7.80 the spread of the chloride ratio between | 
oxygenated and reduced whole blood was O.OS. At the same pH, 
the spread of the urate ratio was O10.) With increasing acidity 
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the spread is diminished as observed by Dill (17) for the bicarbon- 
ate distribution ratio. At pH, = 6.80 the spread of the chloride 
ratio Was 0.01 and the urate ratio was 0.02. At pH, of approxi- 
mately 6.60 the reduced and oxygenated distribution ratios for 
chloride and urate, respectively, are apparently equal. 

Marimum Concentration of Urate in Serum-—In equilibration 
experiments of serum with sodium urate, Gudzent (18) approached 
a maximum solubility with a urate concentration of 0.5 milh- 
equivalent per liter, Our observations indicate that at least twice 
this coneentration may be observed in the serum from gouty 
patients. The maximum concentration of O.S9 muilli-equivalent 
per liter of serum in blood drawn from M. T. on January 30, 1936, 
is Jess than 1.3 milli-equivalents per liter, the maximum solubility 
observed by Bechhold and Ziegler (19). In the experiment of 
January 28, 1936, urie acid was added to the blood and a coneen- 
tration of 1.63 milli-equivalents per liter of serum was obtained. 
These observations suggest that Gudzent’s maximum values are 
too low, either for urate occurring in the serum of patients with 
gout or for in etre experiments when uric acid is added to blood. 


SUMMARY 


1. The concentration of urate in serum and cells agrees approxi- 
mately with the Gibbs-Donnan law of equilibrium as applied by 
Van Slyke and associates to blood. As the reaction of the serum 
becomes more acid, there is a migration of urate ions from the 
serum to the cells. A reverse migration takes place as the reaction 
becomes more alkaline. 

2. When urate is added to blood it distributes itself between 
eells and serum in the same proportion as the naturally occurring 
urate. 

3. At pH 7.40 the urate distribution ratio as defined by the 
relation 


(‘ell urate serum urate 


(‘ell water serum water 


is approximately 0.60. 

blood containing added urate is oxygenated or reduced, 
the urate ratio changes In a manner similar to the chloride and 
bicarbonate ratios. 
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®. Alter the addition of uric acid the maximum concentration 
of serum urate observed by us in one instance was 1.63 milli- 
equivalents per liter, a value which considerably exceeds the value 
previously ascribed to the solubility of urate in serum. 


The authors wish to acknowledge assistance from Dr. A. Baird 
Hastings during this investigation. 
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THE RELATION OF SERUM PHOSPHATES TO 
PARATHYROID TETANY* 


By JAMES H. JONES 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsyleania, Philadelphia) 


(Reeeived for publication, June 8, 1936) 


As early as 19LL Greenwald (1) showed that one of the first 
detectable results of the removal of the parathyroid glands was a 
decreased excretion of phosphorus in the urine. In 1913 he (2) 
extended these studies to show that the effeet was on phosphorus 
directly and not on sodium or potassium. Some years later 
Greenwald (3) again drew attention to these findings. However, 
little emphasis was given to phosphorus in its relation to the fune- 
tion of the parathyroid glands until the work of Albright, Bauer, 
Ropes, and Aub. In 1929 they (4) presented evidence to indi- 
cate that the primary action of the parathyroid hormone ts on renal 
exeretion of phosphorus. In a later publication Albright and 
Klisworth (5) expressed the belief that the whole effect of the 
parathyroid secretion on the caletum and phosphorus levels of the 
blood could be explained on the basis of a variation in the 
ability of the kidney to exerete phosphorus. They believe 
that in hypoparathyroidism there is a retention of phosphate 
which forces the concentration of calcium down. The reverse ts 
true during hyperparathyroidism, in which there is a loss of 
phosphorus with a subsequent solution of calcium phosphate from 
the skeleton. Albright, Bauer, Claflin, and Coeknll (6) are of 
the opinion that there is a definite renal threshold for phosphorus; 
in hypoparathyvroidism the threshold is raised and in hyperpara- 
thyroidism it ix lowered. This idea has been further developed by 
(7). 

* A report concerning this work was presented before the Thirtieth meet- 
ing of the American Society of Biological Chemists at Washington, Mareh 
23-28, 1036 (Proce. Am. See. Biol. Chem., 8, liv (1936); J. Biol. Chem., 114 
(1436) ). 
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About 2 years ago the present author (8S) showed that if young 
rats were parathyroidectomized and then placed on a high calcium. 
low phosphorus rachitogenic ration, the animals did not show the 
low serum calcium and high phosphorus characteristic of para- 
thyroid deficiency. Instead, the blood picture was that typical of 
rachitic rats; that is, low blood phosphorus and normal or slightly 
elevated calcium. If, however, the calcium was omitted from this 
diet, the rats invariably went into parathyroid tetany and showed 
a low serum caleium and high phosphorus within a day or two after 
removal of the glands. The most plausible interpretation of this 
difference is that the high calcium intake on the one diet was 
sufficient to prevent the development of the hypocalcemia neces- 
sary for the onset of tetany; whereas, on the other diet the supply 
of calcium was inadequate to maintain a concentration of serum 
calcium above the tetany level. In view of the work concerning 
the effect of phosphorus on the development of parathyroid tetany, 
it is possible that the results were not due directly to the differ- 
ence in calcium intake but indirectly to decreased availability of 
the phosphorus of the high caletum diet consequent to the forma- 
tion of insoluble calcium phosphate. It may well be that the 
formation of an insoluble phosphate in the intestinal tract pre- 
vented the absorption and subsequent accumulation of phosphorus 
in the blood, with the result that the caletum remained high. If 
the high calcium of the diet on which tetany did not develop 
functioned primarily by decreasing the availability of phosphorus, 
it should be possible to obtain similar results with diets low in 
calcium but in which the availability of the phosphorus was de- 
creased by the addition of some metal other than caleitum which 
forms an insoluble phosphate. The results of such experiments are 
reported at the present time. Deobald and Elvehjem (9) have 
recently shown that the feeding of either aluminum or tron salts, 
in rather large quantities, produces a condition of phosphorus 
want, presumably by the formation of insoluble phosphates of 
these elements in the intestinal tract. In view of these observa- 
tions we have used basic aluminum acetate in most of the work. 
A few results were also obtained with aluminum sulfate 


ELAPERIMENTAL 


Three diets with varying degrees of calcium deficiency were em- 
ploved in these studies. In the first few experiments voung rats 
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were fed the dry portion of the Steenbock (10) stock diet from 
which the 0.5 per cent calcium carbonate had been omitted and to 
which was added 4 per cent aluminum acetate (Diet 1). If this 
diet is given without the aluminum acetate, parathyroidectomized 
rats will regularly develop tetany with a low serum calcium and 
high phosphorus within 24 to 48 hours. In the present experi- 
ments the diet containing aluminum was fed for 2 to 3 weeks 
before the removal of the glands, during which time the animals 
developed rachitic svmptoms. The parathyroid glands were then 
removed, but only those animals from which both the glands were 
definitely identified in the manner previously described (11) were 
included in the experimental results. Following parathyroidec- 


Taste 


Ef cf of Basie Aluminum Acetate on Parathyrovde clom ized Rats a 
Diet Moderately Deficient in Calecum (Diet 1) 


No. of Serum No. of serum 


days after days after 
Rat No earn hy. Rat No parathy- Phoe- 
ridectoms Calcium phorus roidectomy, Calcium phorus 
per my. per m@. per per 
100 ee. 100 ee 
Control WS 27 10 Control 6 | 2.9 
3, 4 2 13.2 2 > 
5, 6 2 use| 25 | 13,14 7 30 | 3.9 
7, 8 uo | 28 |B 13 20 | 26 
13 | 3.0 


tomy the animals were killed at varying intervals, and the sera 
were analyzed for calcium by the method of Clark and Collip (12) 
and for phosphorus on the calcium-free filtrate by the method of 
Gunther and Greenberg (13). It was necessary to pool the blood 
of two or more animals to obtain sufficient serum for these analy- 
ses. In Table I are shown the results of two such experiments. 
In the first experiment (Rats 1 to 8) two control animals (Rats 1 
amd 2, sacrificed shortly before the parathyroids were removed 
from the others) had a serum caletum content of 11.5 and a phos- 
phorus content of 2.7 mg. per cent. As seen from Table I, the 
removal of the parathyroid glands had no effect on the blood 
calcium or phosphorus at 2 and 4 day intervals. 

In another experiment on this same diet (Rats 9 to 16, Table 1D) 


| 
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the animals were sacrificed at intervals of 1, 7, and 13 days, with 
no appreciable change in the caletum and phosphorus levels of the 
blood. This particular group of animals had a rather high con- 
centration of calcium in the serum. We have observed this oe- 
‘asionally at other times when the aluminum ts given with a diet in 
which the calcium is either ample or only moderately deficient. 
None of these animals was ever observed showing any signs of 
tetany. 

In the next experiment a diet still lower in caletum was used. 
A number of young rats were fed the aluminum-containing diet 
deseribed above (Diet 1) for a period of 2 weeks. About 48 hours 
before removal of the parathyroids the animals were transferred 


E flect of Basic Aluminum Ace fale on Parath beat » ‘nga 
Diet sede dly De fie Cali 


Neo. of ~er urn 
days after bes 
Rat No Rat No 
parathy- 
rodectomy 
é 
21, 22 Last $1, 32 12 
23, 24 2 “3 2.1 33, 34, " mo 
2), 2b 2 2.2 


to the Steenbock-Black (14) rachitogenic ration from which the 
calcium carbonate was omitted and to which was added 4 per 
cent of aluminum acetate (Diet 2). This diet contained only 
from 0.03 per cent to 0.04 per cent calcnm. When fed without 
the aluminum acetate to parathyvroidectomized rats, it invariably 
produced marked tetany, within a day or so after removal of the 
glands, with the usual high blood phosphorus and low caleium 
The results of this experiment are summarized in Table IL. 
Consideration of the last group of three animals being omitted for 
the present, it is seen that the aluminum salt not only prevented a 
rise in phosphorus, but there appears to have been an actual de- 
crease during the 11 day period following the removal of the 
glands. This occurred in spite of the initial low phosphorus. 
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There was also a definite fall in caletum but not to the level which 
usually results in tetany. It eannot be stated at the present 
time whether thix drop was due entirely to the low intake of 
calcium or to a deficieney of parathyroid funetion. However, it 
is evident that it was not caused by a rise in phosphate. 

It so happened that three of the animals of this group (Rats 
33, 34, and 35, Table 11) were in tetany on the 9th day following 
the operation. Food consumption records showed that these ani- 
mals had been eating considerably less than average, and during 
the 24 hours previous to the onset of the tetany they had con- 
sumed practically no food. They were losing weight rapidly. As 
indicated in Table IL, the blood phosphorus was very high and the 
calcium low. It appears that the inorganie phosphorus which was 


Taste Ill 
Effect of Basic Aluminum Ace fale on Parath clamized hiats Receiving a 
Diet Containing Only Traces of Calecum (Diet 3) 


Ne. of serum No.of | Serum 
es No clays after Rat No days after = 
Cale uit Phin rendeetoms Caleoum 
phorus | | phorus 
mg. per mg. per | me per | mg. per 
; ee i”? | 100 ee. 
as, 30 ! as 5.7 44 1.2 | 3.0 
2 45, 46 7 | 


liberated as the result of exeessive endogenous metabolism ac- 
cumulated in the blood stream and forced the caletum down with 
the onset of tetany. Three other animals of this series died at 
varying intervals following the removal of the parathyroids. As 
they all died during the night, no tetany was observed, but it was 
probably experienced shortly before death 

In another series of experiments, the results of which are shown 
in Table ILL, rats were treated the same as above but were trans- 
ferred to a synthetic diet (Diet 3) practically free from ecaletum. 
This diet was also low in phosphorus and contained 4 per cent of 
the aluminum acetate. It was the same as the low ealeium diet 
previously des¢ribed (15) except that the phosphates of the salt 
mixture were omitted and cod liver oil was substituted for the 
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carotene solution. The amount of caletum in this diet was less 
than 0.005 per cent. Although the intake of calerum on this 
diet was negligible, the calcium of the serum remained high and 
the phosphorus low. Despite the lower amount of calcium in the 
food both the caleitum and phosphorus of the serum of the animals 
on Diet 3 were slightly higher than in the serum of the animals on 
Diet 2. No explanation for these somewhat paradoxical results bs 
at present available. 

Several adult rats also were fed Diet 3 for a tew days, after 
which the parathyroids were removed. Another small group of 
adult rats was given a diet which was the same except that the 
aluminum acetate was replaced by an equal amount of crystalline 
aluminum sulfate. Parathyroidectomies likewise were performed 
a few days after the beginning of the feeding of this diet. In 
both these cases the calcium of the serum remaimed high and the 
phosphorus low. One adult female on the chet contaiming alumi- 
num acetate gave birth to eight Vvoung 2 after thy parathy row 
glands were removed. Seven ot the young were <till alive on the 
ISth dav after parturition. They were all very small (average 
weight 10 gm.) and weak, but were covered with hair, had ther 
eves open, and could walk. They were considerably deformed. 
By the 23rd day after birth they had all died. In the absence of 
the parathyroid glands, with only a trace of calcium in the diet 
and most of the phosphorus net a\ atlable, this female rat had been 
able to call upon its own body stores in suffierent amount to mam 
tain itself and also keep a litter of young alive for Sweeks. At the 
end of this time both the caletum and phosphorus of the serum of 
the mother rat were within normal limits. Owing to the fact that 
the food consumption of thix animal had decreased con-iderably 
during the last 48 hours before it was sacrificed, the serum phos- 
phorus was probably higher than it would have been otherwise, 

In order to study further the influence of 
the dey elopment ol tetany r the omelitions, the follow 
perinent was carried out. A group of young rats was ml on 
Diet Ll and alter a period of 2 weeks the paraths rokis were re- 
moved. At the same time these animals were deprived of food 
Without exception every animal was in Vielent tetany on the morn- 
ing following the ablation ol the The caletum was 
low and the phospheorts Wits these animals were some- 
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what rachitic, it was to be expected that they would develop 
tetany when deprived of food. However, the severity of the 
tetany and the regularity with which it appeared were much more 
marked in the animals from which the parathyroids had been 
removed than in a similar group which was only fasted. 

lexperiments were also conducted in which the aluminum acetate 
was omitted from the diet at the time of the removal of the glands. 
All of these animals developed tetany within 24 hours following 
the loss of the parathywroids. As in the fasting experiments, the 
simple omission of the aluminum acetate from the diet produced 
tetany in some of the animals. Here again, however, the fre- 
quency and severity of the tetany were considerably inereased by 
removal of the parathyrotds. 


Disc 


These data apparently are in accord with the theory of Albright 
amd Ellsworth (5). Hlowever, it is diffieult to believe that a simple 
decrease in the inorganie phosphorus of the blood can produce the 
marked degree of hyperealeemia which follows the administration 
of large doses of parathwvroid extract. A very low concentration 
of phosphorus in the blood is often encountered with a normal or 
even a low level of caletum. When yvoung rats, for instance, are 
put on a high ealeium-low phosphorus rachitogenie diet the 
inorganic phosphorus of the blood is low, while the ealetum is either 
normal or only slightly raised. This is the ease in spite of the 
large amount of ealetum in the food. A similar blood pieture ts 
observed in riekets produced by adding to the diet some metal 
other than ealetum whieh forms an insoluble phosphate. As 
previously stated, during the latter type of rickets in rats the 
enleim bie | little above normal, burt the rise Is met 
more than Lor 2 mg peer lOO ce. of serum. This is much less than 
thy correspanding drop TT ; consequent ly there ts fall 
in the ealerum & phosphorus produet. Under similar conditions 
in the clog (16) there is ne appreciable rise in the ealetum of the 
corum. Tt might be pointed out, however, that as these animals 
were vVoung and ntly rachitic, the stores of caletum in the 
bones might have been insufficient to compensate for the decrease 
ver, We have been able to prenluce a very 
low serum phosphorus in adult rats by adding alumimum sulfate 
to an adequate diet without any rise in serum calerum, 
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As further evidence in favor of the phosphorus excretion theory 
Shelling (17) has shown that a high intake of phosphorus predis- 
poses to tetany in parathyroidectomized rats. Tweedy, Temple- 
ton, and MeJunkin (1S) have recently reported that deletion of 
kidney function protects the dog from overdosage effects of para- 
thyroid extract, and have conclided that the molnlization of 
calcium stores of the lanly into the blood hy parathwroid hormone 
is dependent conn kidney function. In contrast to this, (ollip, 
Pugsley, Selve, and Thomson (19) claim that the characteristic 
effect of parathvrow extract on the bones of the rat ix obtainable 
after bilateral nephrectomy. Ellsworth and Futeher (20) also 
were able to produce a marked hypercalcemia by administering 
parathvroil extract to logs from which the kidneys had been 
removed. Goadby and Stacey (21) found that large doses of para- 
thyroid extract did not produce the usual diuresis in patients with 
kidney disease, but there was a definite rise in serum calenm, 
They conclude that the hormone acts on the exeretion of phic. 
phorus and also to liberate caletum. From the data available at 
the present time this appears to be a logical view, 

The addition of 4 per cent of basic aluminum acetate to diets low 
in calcium protected rats from the symptoms which usually fol- 
low the removal of the parathyroid glands. The calerum of the 
serum remained high and the phosphorus low. This was found to 
be the case on a diet which did not contain over 0.005 per cent of 
calcium. If for any reason the animals did not eat after the loss 
of parathyroid funetion, serum phosphorus increased, the calenm 
fell, and tetany followed. Apparently, if the phosphorus of the 
blood can be kept low, the calcium remains above the tetany level, 
even though there is a pronounced deficiency of calctum in the 
diet. If, however, there is a source of available phosphorus either 
from the diet or from excessive endogenous metabolism resulting 
from fasting, the blood phosphorus rises, the ealeium falls, and 
tetany appears. 

The relation of these observations to the phosphorus exeretion 
theory of parathyroid function has been discussed, 
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ESTIMATION OF SMALL AMOUNTS OF CHOLESTEROL 
AS THE PYRIDINE CHOLESTERYL SULFATE* 


By ALBERT FE. SOBEL, J. DREKTER, «wo SAMUEL NATELSON 


(Prom the diatric Research Lahoratory, The Jewisah Hospital of Brooklyn, 
the Lahoratory, Lener Mell Hospital, Ne York) 


(Reeeived for publication, June 1036) 


The determination of free cholesterol in the presence of its esters 
in biologic materials seems to be of the utmost importance. The 
hitherto available methods depend upon the isolation of the dig- 
itonide and subsequent gravimetric, colorimetric, gasometric, or 
titrimetric estimation. However, the chemical reaction which 
takes place between cholesterol and digitonin is still obseure. It 
ix, therefore, hardly surprising that various samples of digitonin 
may give different results. The isolation of cholesterol by digi- 
tonin in the presence of other lipids is not always quantitative (1). 
Digitonin affeets the Liebermann-Burchard colorimetric reaction 
and therefore special preeautions are necessary for the colorimetric 
estimation (2, 3). 

In the present method a new chemical principle is introduced for 
the isolation of free cholesterol. This depends upon the insolu- 
bility of pyridine cholesteryl sulfate in petroleum ether. The 
amount of cholesterol in the precipitate is estimated by the more 
specific Liebermann-Burehard reaction. The reactions used for 
the preparation of the pyridine salt are illustrated in the equations 
below, where R represents the steryl radical. 


LEN 
Ac 


2 


R-Ol + CISO.H- *R-OSOM-C LIEN 


* Presented before the American Society of Biological Chemists at 
Washington, March 25 28, 10396 (Proce. Am. Soe. Biol. Chem., 8, xevi; J. 
Biol. Chem., 114 (1926)). 
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From these equations it ean be seen that the reactions depend upon 
the presence of a hydroxyl group in the sterol, 

The above reactions may be carried out in benzene, pyridine, or 
chloroform. Benzene was found to be most advantageous with 
the lipid extracts because, while the lipids are very soluble in this 
medium, the pyridine cholesteryl sulfate may be quantitatively 
precipitated by means of petroleum ether (35 60°) in which all the 
unchanged lipids are also very soluble. The exeess precipitating 
agent is insoluble in the benzene-petroleum ether mixture, but this 
does not matter, sinee no interference with the Liebermann- 
Burchard reaction is experienced. The washings may be used for 
the subsequent determination of cholesterol esters 

The reagent used at first in these reactions was the solid pre- 
cipitate which forms when chlorosulfonic acid ts added to an exeess 
of pyridine in chloroform with cooling. Tt was expected that this 
would be the pyridine chlorosulfonate, a= illustrated in the fol- 
lowing formula. 


| 


analysts, however, this precipitate Wits observe have 
1 to 2 per cent of chlorine and was shown to be mostly a mixture 
ol pyridine sulfur trioxide and pyridine sulfate, while the ~olution 
contained mostly pyridine hydrochloride. The reaction is prob 
ably the following. 


H-SO.-C1 + 3C SO. + HO! 
SO. + Hab ELN 


To find out which part of the reagent was responsible for the re- 
action both pure pyridine sulfate and pyridine sulfur trioxide were 
tried’ with anhydrous precautions Pyridine sulfur trioxide 
formed a cholesteryl pyridine sulfate derivative readily in’ the 


The ridine sulfate prepared by the oof 1 « | sulfurie 
acid to 3 moles of pyridine in chloroform. The precipitated pyridine «ul- 
fate was then dried in a desiccator. Calculated for (CHIN), 12.6 
per cent; found, 12.1 per cent. The pyridine sulfur trioxide was prepared 
by the addition of 1 mole of solid sulfur trioxide te 3 moles of pyridine in 
chloroform with cooling. The reaction is quite violent. Consequently, 
the reagent must be added slowly with constant stirring, Calculated for 
13.4 per cent; found, 15.1 per cent 
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presence of pyridine in benzene, while pyridine sulfate did not 
react at all unless an internal dehydrating agent such as acetic 
anhydride was also used in the reaction mixture. The precipitat- 
ing reagent formed by the interaction of chlorosulfonie acid and 
pyridine brought the reaction to about 60 per cent completion in 
the absence of acetic anhydride. This behavior is intermediate 
between that of pure pyridine sulfur trioxide and pyridine sulfate. 
In all of the results reported in this paper, this reagent was used in 
conjunction with pyridine and acetic anhydride. However, we 
have observed that either pure pyridine sulfate or pure pyridine 
sulfur trioxide may be used interchangeably in the presence of 
acetic anhydride. 

The reaction, in the presence of acetic anhydride, goes to com- 
pletion even in the presence of small traces of water or alcohol 
which might otherwise seriously interfere in the microprocedure. 
No acetylation of cholesterol at the hydroxyl group was observed 
under the conditions employed. 

This method has several advantages over the digitonin pro- 
eedure for the separation of free and combined cholesterol in the 
lipid extracts. The procedure is simple, accurate, and quantita- 
tive in the presence of other lipids. The determination is based 
upon a Known chemical reaction. The reagent is stable, inexpen- 
sive, and easy to prepare. No interference with the colorimetric 
estimation ix ed. \loreover, both free cholesterol and 
combined cholesterol may be determined on the same sample 


Proce re 


Reagents 

Pyridine, The usual cop. grade of pyridine is redistilled over 
potassium hydroxide. 

Chloroform. cor. grade dried over anhydrous caleium chloride. 

Sulfuric acid. A cur. grade of specific gravity 1.84 was used. 

Chilorosulfonie acid. Technical chlorosulfonic acid is distilled 
inan all-glass apparatus. This precaution may not be necessary 
with a purer grade of reagent. 

Precipitating reagent. 10 ec. of pyridine are dissolved in 20 ce. 
of chloroform. The mixture is cooled in an ice bath and 4 ce. of 
chlorosulfonic acid are added drop by drop with continued shak- 
ing and cooling, 
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It is advisable to wear goggles, since the reaction is quite vig- 
orous and chlorosulfonie acid will destroy tissue instantly. The 
precipitate, which is harmless, is filtered with anhydrous preeau- 
tions. The reagent is then washed twice with small amounts of 
pyridine to remove the last traces of chloroform. It is not neces. 
sary to remove the pyridine absorbed into the salt. The reagent 
may then be placed ina wide mouthed bottle which should be kept 
tightly corked when not in use. This reagent has been observed 
to be stable for at least 4 months. Calculated for (CHAN lo BOK, 
S 13.4 per cent; found 13.5 per cent 

Benzene. cop. benzene was used. 

Petroleum ether, Dried redistilled petroleum ether, bop. 35- 
H0°, was used. 

extracting mixture.  Redistilled absolute aleohol (free of acids) 
$ parts, anhydrous ether | part. This was used in the Man-Gildea 
(4) modification of the Bloor (5) extraction method 

Acetic anhydride-pyridine mixture. Equal volumes of pyridine 
and acetic anhydride are mixed. ‘This mixture ix made up each 
time before use. 

Cholesterol Standard 1. 40 mg. of cholesterol, dried in a des- 
ieeator over sulfuric acid, are dissolved in chloroform and made 
up to 100 ce, with this solvent. 5 ce. = 2 mg. of cholesterol, 

Cholesterol Standard 2. 4 mg. of cholesterol are dissolved in 
100 ec. of chloroform. 5 ce. =< 0.2 mg. of cholesterol. 

Cholesterol Standard 3. 20 mg. of cholesterol are dissolved in 
100 ce. of chloroform. <= 04 mg. of cholesterol. 

Cholesterol Standard 4.) 2 mg. of cholesterol are dissolved in 
100 cee. of chloroform. 2 ec. = 0.04 mg. of cholesterol 

E-rtraction of Lipids from Serum 2 ce. of serTun are extracted, 
according to the technique described by Kirk, Page, and Van Slyke 
(6) for plasma. When the amount of blood serum is limited, 0.2 
ee, of serum may be used, in which case the extracting fluid is pro- 
portionately reduced. For the recovery experiments, added cho- 
lesterol and cholesteryl acetate are introduced in alcoholic solution 
before refluxing the mixture of serum and aleohol-ether. 

Determination of Free Cholesterol The extract, representing 2 
ce. of serum, is evaporated at 60° according to the Kirk, Page, and 
Van Slyke (6) technique. The residue is taken up in 1 ce. of 
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benzene. An aliquot, 0.5 ce., of this solution is transferred to a 15 
ec. centrifuge tube to avoid the necessity for continued washing 
during the transfer. For smaller quantities of serum, all of the 
extracted cholesterol is used for the determination instead of a 50 
per cent aliquot, 

The extract of 0.2 ce. of serum is evaporated at 60° as above. 
However, the residue here is extracted three times with 1 ec. of 
henzene. The benzene extracts are then transferred to a 15 ce. 
centrifuge tube and the combined extract is evaporated to about 
0.5ce. This is accomplished by heating the tube at 60° and pass- 
ing a stream of air above the surface of the liquid in the tube. 

To either of the above benzene extracts, 0.1 ce. of the acetic 
anhydride-pyridine mixture is added and the solution is well 
shaken. ‘To this mixture about 10 to 20 mg. (a knife tipful) of 
dry pyridine sulfate are added and the tube is again well shaken. 
The added reagent ts stirred and crushed with a stirring rod fitted 
with a I-hole rubber stopper which is left in the tube during the 
subsequent procedure as an aid in stirring and keeping out mois- 
ture. The mixture is then heated at 45 47° in an electric oven. 
After 10 to 15 minutes the tube is removed, the contents stirred 
again, and the tube replaced for LO minutes more. It is then trans- 
ferred to an tee box, where it is allowed to remain for about 20 
mintites. 5 ce. of cold petroleum ether are added, with vigorous 
shaking and stirring. The tube is then replaced in the iee box, 
where it is allowed to remain for 40 minutes. The tube is then 
centrifuged at 2000 to 3000 Rpm. for 10 minutes. The super- 
natant fluid is deeanted or aspirated. The precipitate is then 
washed with two 4 ce. portions of cold petroleum ether, with stirring 
and centrifuging in each ease as before. The combined washings 
are reserved for the determination of the cholesterol esters as 
deseribed below. The last traces of petroleum ether are removed 
from the precipitate in the aforementioned electrie oven at 45°. 
dec, of chloroform are added, followed by 2 ce. of acetic anhydride 
and O.1 ce. of concentrated sulfurie acid, and the mixture is 
stirred and allowed to stand for 10 minutes in the dark. The color 
produced is compared in a colorimeter with the color produced on 
5 ec. of the cholesterol Standard 2 similarly treated. 

In the microproeedure (0.2 ce. of serum) the color is developed 
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by adding 2 ce. of chloroform, 1 ce. of acetic anhydride, and 0.04 
cc, of sulfuric acid. This is compared to the color produced by 
2 cc. of Standard 4, similarly treated. 

Determination of Cholesterol Esters ~The petroleum ether wash- 
ings are evaporated to dryness in a 50 ee. beaker or extraction 
flask. The residue is hydrolyzed with alcoholic KOH after the 
method of Kirk, Page, and Van Slyke (6). The solution is then 
neutralized to phenol red by O.1N HCL The mixture is evap- 
orated to dryness, extracted with benzene, and the procedure 
above followed for the determination of free cholesterol. For the 
determination on 1 ce. of serum comparisons are made against 
Standard 1. For 0.2 ce. of serum, comparisons are made against 
Standard 3. 

The cholesterol esters may also be determined by subtracting 
free cholesterol from the total cholesterol value in two independent 
determinations when sufficient serum is available and time ts a 
factor. 

Determination of Total Cholesterol -The total cholesterol may 
be taken as the sum of the free cholesterol and the cholesterol 
esters as determined above. 

A direct determination may be made by saponifving the serum 
directly with alcoholic alkali and then evaporating to dryness, 
The cholesterol may then be extracted and determined as above 
for free cholesterol, Standards | and 35 are used respectively for 
2 cc. and 0.2 ec. portions of serum. 


Discussion of Proce dure 


Careful attention should be given to the details of the technique. 
The stirring must be vigorous and thorough at all times, especially 
after the addition of the pyridine sulfate reagent to insure the 
complete conversion of the cholesterol to the pyridine sulfate 
derivative. 

The optimum temperature of precipitation must be carefully 
observed to complete the reaction in the given time. With lower 
temperature a more prolonged period is required, while at higher 
temperatures the reaction is not completed, 

The optimum temperature for completion of the reaction varies 
with the relative amounts of pyridine and acetic anhydride; this ts 
illustrated in Table I. 
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Study of Oplimum (‘onditions for Tsolation of Chole ale rel As the Pyridine 


Ratio of pyridine to acetic 
anhydride 


( ‘holesteryl Sulfate 
Temperature 


Recovery 


per cent 


of 


70 


With pure acetic anhydride plus traces of pyridine adsorbed to the re- 
agent (ratio of pyridine to acetic anhydride 0:1), results were not consist- 
ent. At times good recoveries were made; at times the recoveries were 


very poor. 


*Changes from room temperature to SO’ did not improve the results. 
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It is apparent from Table IT that the lowest optimum tempera- 
ture is reached when the relative amounts of pyridine and acetic 
anhvdride are 1:1. Other concentrations do not give as complete 
precipitation, as shown by the fact that the supernatant liquid 
contained some cholesterol, 

For less accurate work, such as would be required in routine 
clinteal procedure, only the free cholesterol need be determined by 
this method. The combined chok sterol or the total cholesterol 
may be determined by the usual Bloor colorimetric procedure. 
This, of course, will give somewhat higher values, owing to chromo- 
genic substances other than cholestere! 


tl 
“smole No 

Found 0055 ON) 127 0 227 0 4190 627 1 O88 1 


Il 


Recove ra Vg aot Cholesterul Acetate Added ta 4 rtract Viurmal 
choles 
i H 
Added 0025 0050 0 100 0 2000 400000 Goo oon 


ull 
Representative results of the recovery of Vartotis amounts of 
cholesterol in benzene which were precipitated according to the 
procedure are shown below. 
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It can be seen that quantities as small as 0.025 mg. were re- 
covered within 4 per cent error, The completeness of precipitation 
was cheeked by examining the petroleum ether washings for choles- 
terol. The washings were free of cholesterol in all cases, or the 
color, if any, was so faint that it was not observable. The errors 
are partly due to the error in reading the color. 

Representative results of the recovery of added free cholesterol 
to the lipid extraet of normal sera are given in Table IL from which 
itean be seen that the recovery of added cholesterol is within the 
experimental error of the method. Added cholesterol acetate had 
no effeet upon these determinations. 

In another series of experiments cholesterol acetate was added 
to the sertuim extract, the free cholesterol was determined, and then 
the esters were hydrolyzed and determined as pyridine cholesteryl 
sulfate. “The results of these experiments are shown in Table HI, 
from whieh it can be seen that the recovery of added cholesterol 
esters is also quantitative. Thus, both esterified and free cho- 
lesterols can be recovered quantitatively from the lipid extract. 
Henee, the total cholesterol may also be determined aceurately 
by this new procedure. 


SUMMARY 


A simple and accurate method is deseribed for the separation 
and determination of small amounts of cholesterol in the presenec 
of cholesterol esters and other lipids. 

2. This separation is effected by the conversion of cholesterol 
to pyridine cholesteryl sulfate and extraction of the unchanged 
esters and lipids with petroleum ether. 

4. The advantages of the conversion to this derivative over the 
conversion to the digitonide ure discussed 

1. Added cholesterol to the lipid extracts of sera may be quan- 
fitatively recovered, while added cholesteryl acetate may re- 
covered in the washings, since it does not reaet with the reagent. 

&. Added cholesteryl acetate may be quantitatively determined 
alter hwedrolysis. 

6. Pree, ester, and total cholesterol tay be determined on the 


same sample 
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FRACTIONATION OF CHOLESTEROL IN BLOOD BY 
PRECIPITATION AS PYRIDINE CHOLESTERYL 
SULFATE AND CHOLESTEROL DIGITONIDE* 


by DRENRTER, ALBERT bk. SOBEL, SAMUEL NATELSON 


(From the Achelis Laboratory, Lenore Hill Hospital, and the Pediatric 
eoarch Lahorator The wish Hospital of Brooklyn, New York) 


(Reeeived for publieation, June 17, 1936) 


In the aecompanyving paper (1), the authors reported a new 
method for the determination of free cholesterol in blood serum as 
the pyridine cholesteryl sulfate. This method as applied to blood 
was withheld for more than a vear beeause of the unusually low 
values obtained for free cholesterol in normal sera as compared to 
the values obtained by precipitation with digitonin. The values 
obtained by this method were about one-third of those obtained 
by the digitonin method, 6 to 10 per cent of the total cholesterol 
being precipitated by this method, while 25 to 35 per cent of the 
total cholesterol was precipitated by digitonin. The latter has 
heen the hitherte accepted value for free cholesterol in normal 

Table L shows the difference in the values obtained by the two 
methods. Three different methods of extraction were used (2-4) 
on each serum to eliminate the mode of extraction as a variable 
factor which might account for any differences. 

At first, it was held possible that the precipitation might not be 
complete. Tlowever, quantitative recoveries of added cholesterol 
on numerous samples, even in the presence of added cholesteryl! 
acetate, checked the validity of the method (1). The question 
that some form of free cholesterol may not be determined by this 
method was next investigated. In Table IL the total cholesterol 
values are compared, first by a colorimetrie determination of the 

* Presented before the American Society of Biological Chemists at 


Washington, Mareh 25> 28, 1996 (Proe. Am. Soe. Biol. Chem., 8, xxviii; 
J. Biol. Chem... 114 


392 Cholesterol Fractionation in Blood 


whole lipid extract and then after saponification as the digitonide 
and as the pyridine cholesteryl sulfate. It may be observed from 
Table II that the total cholesterol values by the new method are 
even slightly higher than those obtained by the digitonin method. 
Thus, additional evidence is offered to show that when the hy- 
droxyl group of cholesterol is free, it will be completely precipi- 
tated by the new method. The higher values of the direct colori- 


| 


Bre Chole ate rol alues (in Vu. per Ce. Ne hy Py "hele ule ryl 
Sulfate and Chole ale rol Digitonide Vethods 


hirk ef a! 3 method 4 
Pyridine (holestern! Pyridine Pyridine 
‘ holsters! digitonide ‘ holemtery digitonide cholestervi digitonide 
seultate 

5 12 tis tis 

Is 70 17 70 is 42 


Taare ll 
Com paratrve Esti mations Total Chole ale reel Vy pe of Ne um 


Pyridine cholestery! sulfate 204 154 211 200 234 200 215 158 268217 
(Cholesterol digitonide im 47 190 195 27 


Direct colorimetric 222 176 228 215 252 220 AN 170 287 231 


metric determination are due partly to the presenee in serum of 
chromogenic compounds other than cholesterol, 

Before any conclusions are drawn as to the significance of the 
difference between the free cholesterol values by the two methods, 
a comparison of the chemistry of the two procedures should be 
made. The formation of cholesteryl pyridine sulfate depends 
upon a well understood reaction of the hydroxyl group of choles- 
terol (5-8). On the other hand, the formation of cholesterol 
digitonide is not well understood, partly because the structure of 
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digitonin is still uneertain. In addition, there is no certainty that 
cholesterol must be free before it can reaet with digitonin, More- 
over, although it is well known that digitonin will not precipitate 
fatty acid esters of cholesterol, there is still a possibility that a 
loosely bound cholesterol derivative might be split by this reagent. 
In a recent review on the subject Bills (9) points out the great 
many combinations that cholesterol is known to enter into. It is 
possible that a complicated mixture like blood serum may contam 
cholesterol in combinations other than that of the fatty acid ester 
type. Consequently, to explain the higher values obtained for 
free cholesterol by the digitonin method, one may postulate that 
in addition to free cholesterol loosely bound cholesterol, not of the 
fatty acid ester type, is precipitated. This might be accomplished 


Taste Ill 
Fra «at (hele ale rel (in Vu per Cc.) in Normal Nera 


Specimen No, 


Is 20 17 13 21 21 
Loosely bound 4 
ster i144 140 138 160 1590 157 108 180 147 


Total 204 154 211 200 234 200 215 158 268 217 


in two ways, either by splitting the loose combinations first or by 
precipitating the whole complex. 

Precipitation as the pyridine cholesteryl sulfate then becomes a 
valuable addition to the understanding of the distribution of 
cholesterol in the blood serum in health and disease. The cho- 
lesterol in the blood ean now be divided into three groups: first, 
the cholesterol determined by precipitation as the sulfate salt; 
second, the cholesterol precipitated as the digitonide but not as 
the sulfate; third, the cholesterol neither preeipitated as the digi- 
tonide nor as the sulfate salt unless saponified. That cholesterol 
must exist in the blood serum in more fractions than just “ester” 
and “free” cholesterol has been previously pointed out (4). Table 
II] shows the fractionation of cholesterol in the blood serum of 
normal adults. “Unbound cholesterol” is that precipitated as 
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the pyridine cholesteryl sulfate. “Free cholesterol” is the frae- 
tion precipitated by digitonin. * Loosely hound cholesterol’ js 
the difference between the free cholesterol and unbound choles- 
terol. “Ester cholesterol” is the difference between total cho- 
lesterol and free cholesterol. ‘Total cholesterol’’ was deter- 
mined as the pyridine cholesteryl sulfate after saponification, 
These total cholesterol values may be compared in Table IT to the 
total cholesterol values obtained by the other two methods. 

The values in Table ILL are representative of a series of twenty- 
five normal adults. It may be observed that the ratio of free to 
total cholesterol has the constaney reported recently by Sperry 


Taste IV 
Fractionation of Chole ale rol Citrate d d Blood if 


The values are expressed as mg. of cholesterol. 


Specimen No 3 ‘4 
Unbound cholestero! 0 OSS 
Free cholestero! 59 07! oo 
Cholesterol in washings of pyridine 

cholestery! sulfate ppt." O05 0 07 008 


(holestero! in W ashings of cholesterol 


digitonide ppt.t 008 0.05 008 0 03 


* Determinations were made by a direct colorimetric estimation. The 
duplicate washings were combined in view of the small quantities involved. 

t The washings of the precipitate were taken to dryness and then ex- 
tracted with ether to eliminate digitonin. Here again the com!nned wash- 
ings of the duplicates were used in a direct colorimetric estimation 


(10). The terms “unbound” and “loosely bound” cholesterol are 
chosen temporarily in the absence of better terms to denote the 
two fractions into which the digitonin-precipitable “free choles- 
terol”” may be divided by the new method. Variations of these 
fractions in disease will be of interest and it is hoped that this will 
result in a more thorough knowledge of the significance of choles- 
terol in blood serum. 

In view of the wide difference between the unbound cholesterol 
and free cholesterol values in serum, it seemed to be of great in- 
terest to compare the two values in red cells, especially since free 
cholesterol comprises almost all the cholesterol in the eells (11, 12). 
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Determinations were therefore made on red cells obtained from 
citrated blood in which the red cells were repeatedly washed with 
physiological saline to remove all the serum. Representative 
values of these results are given in Table IV. 

It is seen in Table IV that the difference between unbound and 
free cholesterol is negligible. Thus the fraction which was named 
by us “loosely bound cholesterol” is practically absent in citrated 
red cells. The relative amount of ester cholesterol is small, con- 
firming the reports in the literature (11, 12). The ester choles- 
terol was determined directly, without any preliminary saponi- 
fication and isolation, and therefore the values may be slightly high 
owing to other chromogenic substances. 


Taste V 
Fractionation of Cholesterol nm Red Blood (‘ell Clot 


The values are expressed as mg. of cholesterol. 


Unbound cholesterol 1 a3 | 1.32 | 1.20 | 1 46 | 
Free cholesterol 1.71 11.0; 1.18 | 1.801 1.4 


(Cholesterol in washings of pyri- 
cine cholesteryl sulfate ppt.” O75 om O82 082 020 030 
(Cholesterol in washings of choles- | | 
terol digitonide ppt.* 06 040 030 020 022 025 


* See Table IV. 


In view of the almost complete absence of the loosely bound 
cholesterol in the citrated red cells it appeared desirable to elimi- 
nate the possible effeet of the anticoagulant. The cholesterol 
fractions were therefore studied on the red cell clot rinsed with 
saline. Naturally, such elots contained some occluded serum. 
The results are presented in Table V. 

It may be observed in Table V that here again the difference 
hetween unbound and free cholesterol is small, although somewhat 
larger than in the case of washed red cells. The ester cholesterol 
values are also relatively higher. This difference is no doubt due 
to the presence of some occluded serum. The general trend of the 
distribution is that which one would expect if a small amount of 
serum were added to the washed red cells. It appears therefore 
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that sodium citrate has no appreciable effect Tipmon the cholesterol 
fractions in the red cells. 

It may be concluded therefore that most of the cholesterol is 
unbound in the red cell, while in normal serum a relatively small 
percentage of the cholesterol is unbound. This may be of signifi- 
eance in that cholesterol is Known to act so as to protect the red 
cells from hemolysis by foreign substances such as saponim and 
the bile acids (9). Practically all of the loosely bound and most 
of the ester cholesterol are in the serum. It is hoped that a clew 
to the fundamental physiological significance of these findings may 
be found in an extensive study in disease and various ex pertimen- 


tally induced conditions. 
Procedure 


The used in these eXperimcnts were Treen 
apparently normal cases and extracted hy three different methods 
as described below. The ettrated red cells were obtamed by add- 
ing 5 cc. of whole blood to 15 ec. of a 0.5 per cont sodium eitrate 
solution in 0.9 per cent saline. This mixture was centrifuged and 
washed three times with 15 cc. of 0.9 per cont saline ina graduated 
centrifuge tube. The residue was extracted by refluxing with an 
alcohol-ether mixture according to the technique of Kirk ef al. (2) 
Red cell clots were obtained by drawing blood without an anti 
coagulant and then letting it stand for 2 hours inane box. The 
serum Was separated by centrifuging and the clot rinsed twice 
with 0.9 per cent saline. The whole clot obtamed im this manner 
Was extracted as in the case of the citrated red cell» 


E-rtraction M. the wis 


Kirk, Page, and Van Slyke (2)--2 ee. of serum were extracted 
and the lipids prepared according to the above authors. The 
petroleum ether solution of the lipids was taken to dryness at 60° 
ina small flask and taken up in exactly 2 ce. of benzene. When 
well stirred, the lipids are easily soluble in cold benzene 0.5 ce. 
aliquots are then used for the free cholesterol by the pyridine 
cholesteryl sulfate method and the digitonin method. Another 
ce. portion was transferred to a test-tube for sa 
The remaining 0.5 ec. may be used for the regular Lichermann- 


Burchard reaction. 
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Wel Extraction hy Bloor’s Method (3)—-2 ce. of serum were 
treated with 50 ce. of aleohol-ether mixture and heated to boiling. 
The mixture was filtered and the precipitate washed with the 25 
ec. portions of aleohol-cther heated to boiling. The extract was 
dried on a water bath. The lipids were then taken up in petroleum 
ether and filtered. The technique from this point was carried on 
as above, the same pipettes being used for the benzene. It was 
later found that the extraction step with petroleum ether could 
le omitted. The lipids after the aleohol ether was removed could 
he taken up directly in benzene. 

Dry Extraction (4) —2 ee. of serum were dried on paper and ex- 
tracted for | hour with 3 per eent pyridine in aleohol according to 
the technique deseribed previously (4). The extract, after re- 
moval of the pyridine-aleohol solvent mm vacuo, was taken up in 
petroleum ether, filtered, and treated the same as the others. 
Here again the lipids may be taken up directly in benzene, the 
petroleum ether extraction being omitted. 

Estimation of Unbound Cholesterol The procedure used was 
described in our previous paper (1) for the estimation of free 
cholesterol as the pyridine cholesteryl sulfate. This fraction is 
referred to as unbound cholesterol in this paper, in order to prevent 
confusion with the values obtained by the digitonin method. 

kextimation of Bree Cholesterol The procedure is modifien- 
thon of the technique deseribed hy Schoenhemmer and Sperry (15), 
~«» as to allow the use of larger quantities of serum and so that 
application could be made to the lipid extracts regardless of 
method of extraction. ee. portions of the benzene extract 
equivalent to 0.5 ce. of serum were transferred to a 15 ce. graduated 
centrifuge tube and the benzene removed by heating to 60° and 
passing an air current over the surface. The lipids were then 
taken up in 5 ce. of warm 95 per cent aleohol and warmed at 60° 
until dissolved. The mixture was allowed to cool and the volume 
adjusted to5ee, OSece otal percent digitonin solution im 50 per 
cent aleohol and 0.75 ce. of water were added. The mixture was 
well shaken and then allowed to stand for 24 hours at room 
temperature. The precipitate was sedimented by centrifuging for 
10 minutes and washed twice with 4 ee. portions of acid-free ether 
in the same manner, The precipitate during the washing was 
well stirred with a stirring rod which is reserved for the same tube. 


; 
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l ec. of acetic acid was added and the precipitate well broken up 
with the stirring red. The tube was then placed in a water bath 
and warmed until solution was obtained. The mixture was cooled 
to room temperature, 2 ce. of acetic anhydride and O.1 ec. of sul- 
furnie acid were added, and the mixture well stirred and placed in 
the dark for 27 minutes. It was then compared im a small eup 
colorimeter against a standard cholesterol solution m= aleohol 
treated in the same manner as above. The amount of cholesterol 
in the standard was 0.4 mg. In test experiments on pure cho- 
lesterol about 97 per cent of the orginal amount was recovered. 
Recoveries of cholesterol added to the lipid extract were within 
95 per cent. 

Estimation of Total Cholesterol The 0.5 ec. portions obtained 
from the various extractions were freed of benzene and heated to 
85° with 5 ec. of saturated alcoholic potassium hydroxide. This 
was followed by the procedure desenbed by Whirk ef al. (2). As the 
extraction of the unsaponifiable fraction is rather irksome, the 
following modification was found to give good results. The sa- 
ponified material was carefully neutralized with aleoholie hydro- 
chloric acid (with methyl red indicator), 25 ec. of ether were 
added and thoroughly mixed. The mixture was allowed to stand 
for 15 minutes, filtered, and washed with ether, The ether extract 
was evaporated and taken up in benzene. Aliquot portions of this 
extract were used to determine the total cholesterol by the choles- 
terol digitonide and the pyridine cholesteryl sulfate methods. The 
technique employed for the digitonide procedure is the same as 
that desenbed above under free cholesterol, while the technique lor 
total cholesterol by the pyridine cholesteryl sulfate method was 
described earlier by the authors (1). For the estimation of total 
cholesterol by a direct colorimetric procedure the Liebermann- 
Burchard colorimetric reaction was applied directly to the extract 
from an aliquot of the lipid extract and compared agaimet a suit- 
able standard. In our hands the pyridine cholesteryl sulfate 
method was far superior to the digitonin method for the deter- 
mination of total cholesterol in the red cells after sapontfieation 


Sst 


1. A comparative study was made of the values obtaimed in 
normal sera by the pyridine cholesteryl sulfate and the cholesterol 
digitonide methods. 


rq 
ie 
i 
a 


Drekter, Sobel, and Natelson 399 


2. ‘The free cholesterol values were from 6 to 10 per cent of the 
total by the pyridine cholesteryl sulfate and 25 to 35 per cent of the 
total by the cholesterol digitonide methods. 

3. The total cholesterol values obtained on the saponified serum 
were slightly higher by the pyridine cholesteryl sulfate than by the 
cholesterol digitonide procedure. 

4. The higher free cholesterol values by the digitonin method 
may be due to the splitting of loosely bound cholesterol or the 
precipitation of some form of combined cholesterol other than the 
fatty acid ester type. 

5. The terms unbound cholesterol and loosely bound cholesterol 
are introduced to denote the two fractions into which the so called 
free cholesterol is divided in this Investigation. 

6. In red blood cells most of the cholesterol is unbound. 

7. The cholesterol fractions in sera were not influenced by the 
three different methods of extraction employed. The sodium 
citrate used as an anticoagulant had no apparent effect upon the 
cholesterol fractions in the red cells. 
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CONFIGURATIONAL RELATIONSHIP OF MEMBERS OF 
DISUBSTITUTED ACETIC AND PROPIONIC ACIDS 
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The present investigation had a fourfold aim: (1) to establish 
the direction of rotation of the individual members of the ho- 
mologous series of disubstituted acetic acids containing an ethyl 
group; (2) to correlate the configurations of the members of the 
of disubstituted acetic acids containing an 
ethyl group with those containing a methyl group; (3) to test the 
previously reported conclusions regarding the direction of rotation 
of 2-ethvivalerie acid (1) and of the higher members of the same 
: (4) to correlate the configurations ol the Tree’ 
hers of the series of disubstituted propionic 
containing an ethyl with those containing a methyl 

1 The rotations of two consecutive members of the homologous 
series of disubstituted acids were established on the basis of the 
direction of rotation of the hydrocarbons derived from the acids 
by converting the carboxvhle inte methyl It is 
evident that two configurationally related acids (1) and (ID) 
should vield) two configurationally related hydrocarbons (1) 
ane 

Inasmuch as the two hvdrocarbeons ane are both 
dextrorotatory, it follows that those two acids which form dextro- 
rotatory hydrocarbons will be configurationally related. It: was 
found that such acids were both dextrorotatory. The intermedi 
ate steps leading to the hydrocarbons are given in Table I. 
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H.-C. COOH 


I 


if, 


Dextre 


2. This problem likewise can be solved by comparing the diree- 


tion of rotation of the hydrocarbons derived from two correspond- 
ing acids, brom formule (IID) and (111) on the one hand, and 
(IV) and (1V,), on the other, it ean be seen that configurationally 
related 2-methyvipentanoie acid (1) and (1) 


should vield hydrocarbons ol Opposite 


I\ 


Dextre 


It was found that acids (IID) and (INV) were both dextrorotatory, 


thus showing that these two members of the two configurationally 
related homologous series rotate in the same direction 
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Incidentally, it may be added that since the maximum rotations 
of the hydrocarbons are known, it is also possible to evaluate the 
least maximum! rotation of each acid containing an ethyl group. 

3. In a previous communication the levorotatory 3-propyl- 
pentaneie acid (1)? was correlated to the dextrorotatory 3-butyl- 
pentaneie acid (1). Subsequent analysis of the rotatory dispersion 
curves revealed a normal course of dispersion in both acids. This 
finding Was in disagreement with the previous conclusions regard- 
ing the sign of rotation of the two configurationally related acids. 
It therefore seemed desirable to prepare the two acids by a differ- 
ent procedure, starting with l-bromeo-2-cethylpentane and 1-bromo- 
2-ethvihexane of known configuration by the set of reactions 
given in Table IL. 

From Table IL it may be seen that the two configurationally 
disubstituted acetie acids lead to two disubstituted propionic acids 
of the same sign of rotation. Hence the correlation reported in the 
pres lous communication? should be corrected to conform with the 
present results. 

4. Inasmuch as the disubstituted acetic acids containing a methyl 
group have been correlated with those having an ethyl group, 
and inasmuch as each of these series is correlated to a corresponding 
series of disubstituted propionic acids, it follows that the con- 
figuration of the series of disubstituted propionic acids containing 
a methyl group and of the series containing an ethyl group, like- 
wise are correlated, 

From Table IL it can be seen that in the ethyl series the pro- 
pionie acids rotate in opposite direction from that of the acetic 
acids. “The same phenomenon is observed in the case of the methyl 
series (With the exeeption of the lowest member). Hence it 
follows that disubstituted propionic acids containing an ethyl 
group rotate in the same direction as the corresponding acids 
containing a metuyl group. 

Analysis of Rotatory Disp rsion Curves The results of the 
analysis of the rotatory dispersion curves of the disubstituted 
acetic and propionic acids belonging to the methyl series have 


' The least maximum molecular rotation is defined as the minimum pos- 


sible value for the maximum molecular rotation. 
t Levene, P. A., and Marker, R. E., J. Biol. Chem., 91, GS7 (1931). 
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already been reported in a previous communication’ The dis. 
persion data concerning the acids of the ethyl series in heptane 
solution may be seen in Table IIL. In order to present the data 
in a more compact form, only the experimental a values are 


3 Taste Ill 
Rotatory Disp reins of substitute d Acs fic and Propionic Ae ds in plane 
? home 
gene us 
0 685 
5892 6 0 
6 2? 233 S Ol] 5.833 —O 
5780.1 2.328 S26 6017 -04% -—0 9% SIS 
4 7 2 626 0386 6.833 —0 519 1 ONS 
4358 3 135 11.27 1 1 +4, 
4046 6 5.17 | 13.37 1 Ww 1 4s 
3800 215 
3925 921 (A 10 em.) 
3500 26 
3375 20) 
3340 | OR 
3275 
3160 12.2) 
3070 1 
2000) 1 
2740) 1 45 
26) 
| *The roman numerals represent the acids tabulated in the text 
given and numerals head each column The numerals stand for 
the following acids. | 
concentration 0.0249 mM; visible region | = 100 em., ultraviolet 
2100 


region / = 10 em.; [M]* 


3? Levene, P. A., Rothen, A., and Marker, R. E., J. Chem. Physic., 1, 
662 (1933). 
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i! de riru-3-<« th gle aprow (7). (in racue); ny = 1.4229; 
concentration O.SOS7 visible region 100 em., ultraviolet 
S000 
mea — 
dertro-cthyl ester of 2-cthyuleaprove acid (1), Cn racue); 
= 3.4123: visible region ultraviolet region (= 10 
7420 
(Mi ~ (homogeneous state) 
men Mo 
IV lere- th ylea prov acid ne ; concentration u;l 


~ Lito 
[MP 
OM 


\ levo-3-eth yleapr ylie acrd (1), = concentration 0.536 M; 
VI = (homogeneous state), = (in 
~ 1.143 


racue); = 1494;l = Wem. (Mi, = 
M+ OA 


On account of the low rotations of most of these substances, the 
dispersion data covered a rather small wave-length interval, 
rendering analysis diffieult. The dispersion curves of all com- 
pounds belonging to the ethyl series could be expressed by a single 
Drude term formula within experimental error. The most sig- 
nificant result is the faet that both 3-ethvleaproie acid (1) and 
Sethvleaprvlic acid (1) have approximately the same dispersion 
constant, thus exeluding, as already mentioned, the possibility 
that these two compounds are of opposite sign when configuration- 
ally related 

It should be noted that, as m the methyl SeTICS, the substituted 
acetic aeids are less dispersive than the substituted propionic 
ackls. In faet, the values of the dispersive constants of the acetic 
achl derivatives are smaller than those of the acetic acid deriva- 
tives belonging to the methyl series. It is not impossible, since 
the values of A» are small (A, 1550), that the first partial 
rotation of the COOH group in the substituted acetic acids is small 
amd of opposite sign to the observed rotation. 


ENPREIMENTAL 


Kthylpropylacetic Acid (2-Ethylvalerrce Acid (1))—The ethyl- 
propvlacetic acid was prepared by the malonie ester synthesis, 
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The ethylpropylmalonic acid was recrystallized until it showed a 
constant melting point of 117-11S°. The ethylpropylacetic acid 
was resolved by recrystallizing its quinine salt from acetone many 


times. In another experiment the resolution with cinehonidine 


proceeded at a faster rate. 

The levo acid was recovered trom the less soluble cinchonidine 
salt, and the dextro acid from the quinine salt. Bop. 95°, p = 8 
= 1.4178; = 0.9098 (in vacuo). 


4 


O.S10 
Oo] 


Least maximum IMIS = —6.53° (homogeneous) 
0.1067 gm. substance required 8.169 cc. 0.1 N NaOH, Mol wt. 130 
5.110 mg. substance: 12.000 mg. CO, and 4.840 mg. ILO 
Caleulated. C 64%, H 10 S4 


Found. ‘64.37, * 10.@ 


Ethyl propylacetic Ethyl Ester (ethyl Ester of Acid 
(1))- 120 gm. of ethylpropylacetic acid, 


+1.16 
33 


1 


(from the quinine salt), were added to a solution of 360 gi. of ab- 
solute ethanol and 1S gm. of concentrated sulfurie acid. The re- 


sulting solution was refluxed for 6 hours. The ester was isolated 


by extraction with ether. The extract was washed free of acid 


and then shaken with coneentrated caletum chloride solution 
until the washings no longer increased in volume. It was then 


dried over sodium sulfate and the ester was distilled. Bop. LOS®, 


4 2 - 25 - 
p = 115mm.;: yield 133 gm.; n> = 1.4070; = 0.8585 (in vacuo). 


1 
Least maximum = +7 33° (homogeneous) 


3.725 mg. substance: 8.490 mg. CO, and 3.495 me. H& 
Caleulated. C 68.29, 11 47 


Ethylpropyl Ethanol (2-Ethylpentanol-1) —100 gin. ot ethylpro- 
pylacetic ethyl ester, [MJ2 + 1.85° (homogeneous), were re- 
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duced with 120 gm. of sodium metal in SOO ec. of benzene Gin four 
lots) with aleohol. The aleohol was isolated as usual. The ether 
extract Was shaken with concentrated calcium chloride solution 
and then dried over anhydrous potassium carbonate. The alcohol 
boiled at 107°, p = 102mm. Yield 48 gm. This was purified by 
the usual method of making the acid phthalic ester. The solution 
of the aleohol, phthalic anhydride, and pyridine was refluxed for 2 
hours. The phthalic ester was purified through its sodium salt, 
which was made with a 5 per cent solution of sodium hydroxide, and 
repeatedly extracted with ether. An excess of concentrated alkali 
was then added to the solution of the sodium salt, and the carbinol 
distilled over with steam. It was then extracted with ether, and 
the extract was dred overnight with anhydrous potassium car- 
bonate. The carbinol was then distilled. B.p. 107°, p = 100 
mim.: vield 40 gm. ; ne = 1.4250; = 0.8280 (in vacuo). 

+1304 | 

Least maximum +3 SS (homogeneous) 
mg substance: 10.000 me CO, and 4.705 mg. HO 
('-H.«) Caleulated. C 72.33, H 13 89 
bound “73.0. 13.98 


Kthylpropylethyl Bromide (1-Bromo-2-Ethyl pentane) 36 gm. of 
ethylpropyl ethanol, lal” = +4-0.83° (homogeneous), were treated 
with SS gm. of phosphorus tribromide at —10°. The solution was 
allowed to stand at room temperature for 1 hour and then was 
heated on the steam bath for 20 minutes. The bromide was iso- 
lated as usual. The pentane extract was dried over phosphoric 
anhydride. Bip. 109°, p = 130 mm.; vield 32 gm.; n? = 1.4508; 
Cin race). 


a); +058; = (homogeneous) 
1 
33 
Least maximum = +4.12° (homogeneous) 


me substance: mg CO, and 4.000 mg. H,O 
Caleulated. C 46.92, H 8 45 
Kthylpropylethyl lodide (1-Todo-2-Ethylpentane) gm. of ethyl- 
propyl ethanol, ay = —O.61°, were placed in a bomb tube and 
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cooled in a dry ice-acetone bath. Anhwvdrous hydrogen jodide 
about 30 ¢m.) was then distilled into it and the tube sealed. This 
was allowed to stand at room temperature for L week, and was 
then heated for L hour at 70°. The todide was isolated as usual, 
B.p. 1382-133°, p = 160 mm.; vield 16.5 gm.; n> 1.4914; = 
racue). 


| oye 
= iN, = (homogeneous) 
>< 1358 
Least maximum 2508” (homogeneous) 


mig. substance: 7.100 mg. CO, and 3.080 mg 
C>H,.I, Caleulated. C 37.16, H 6 69 
226.0 Found 38.53. * 6.53 


thulethylpropyl thane iii. of ethylpropyvlethy! 
20° (homogeneous), were reduced methanol and 10 
per cent sodiuin hvdroxide solution im the presence al Ranev's 
catalyst, with hydrogen at atmospheric pressure for 2 davs. The 
hydrocarbon Was isolated as usual op. ve Os, 
phere; vield 3 gm. 

ai, = 2.19 > \I 2.1% 
] 
Nlaximum iM = | > homage neotus 
2 O14 mg. substance: meg. CO) and 4.130 meg 
Caleulated H 16 11 


Kthyulprop jlproprone (3-hthylea prov of 
ethylpropylethyl bromide, + (homogeneous), were 


added dropwise to 5 gm. of fine magnesium turnings in 75 ce. of 
dry ether. This was refluxed for 10 minutes, and then cooled 
with an ice-aleohol bath. Carbon dioxide was into the 
mixture, and the acid was isolated as usual. Bop. 158) 150°, p 
79 mm.; vield 10 gem. 


Lx Oo 
Least maximum Chomogeneous 


2465 mg. substance: 7. CO. and 2. me. ILO 
Caleulated. C66 61, HID 19 


‘Levene, P. A., and Marker, R. k., J. Biol. Chem., 108, 200 (1933) 
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Ethylbutylacetic Acid (2-Ethyleaprote Acid (1))--The acid was 
made by the malonic ester synthesis and resolved by reerystalliz- 
ing the quinine salt from 50 per cent acetone. After seven erystal- 
lizations, an acid was obtained, which had the following properties. 
B.p. 120°, p = 13 mm.; 22 = 1.4229; d = 0.9031 (in vacuo). 


3.70 


= = —6.05° (homogeneous 
1 « 0.908 105° Chomogeneous) 


Maximum [Mii = —23.5° (homogeneous) 
1.1046 gm. substance required 7.205 cc. 0.1N NaOH. Mol. wt. 145 
is substance: 11.695 mg. CO, and 4.810 mg. 

CHO. Caleulated. C 66.61, H 11.19 


The acid recovered from the mother liquors was converted into 
the cincehomdine salt in acetone. The salt which crystallized very 
slowly was reerystallized from acetone, then from 60 per cent 
acetone. An acid having a rotation of 


+518 
(homogeneous) 


was obtaimmed from the erystals. 
Ethylbutylacetic Ethyl Ester (Ethyl Ester of 2-Ethyleaproie Acid 
(1)) 250 gm. of ethylbutylacetic acid, [a]? —4.20° (homo- 
geneous), were esterified with L300 ce. of absolute ethanol and 50 
gm. of sulfunie acid by refluxing the solution for 5 hours. The ex- 
cess aleohol was distilled through a Widmer column. The residue 
was extracted with ether, The extract was washed with concen- 
trated caletum chloride solution and dried over sodium sulfate. 
The ester distilled at 90°, p = 2S mm.; vield 255 gm.; 22 = 1.4123; 
= O.S5S6 (in racue), 
- 
Maximum 22.6 
mw. substance: 10.205 me CO, and 4.1%) me HO) 
Caleulated. 69.70, H 1171 
i772 2 0.92, ** 11.67 


Ethylbatyl Ethanol (2-Ethylheranol-1) 240 gm. of ethylbutyl- 
acete ethvl ester, lal? = —3.38° (homogeneous), were reduced 
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with alcohol in cight portions, 30 gm. of sodium and 200 ce. of 


The carbinol was isolated as usual 


benzene being used for each. 
Bop. 


(yield 120 gm.) and purified through its acid phthalic ester. 


110°, p = 55 mm.; 15 = 1.4292; d7 = 0.8293 (in vacuo). 


— 
i 
Least maximum = (homogeneous) 


3.584 mg. substance: 0.605 mg. CO, and 4460 me. HA) 
Caleulated. C 73.77, 

Found. 43.40, ** 13.92 
Ethylbutylethyl Todide (1-lodo-2-Ethytherane) 15 gm. ot ethyl 
butyl ethanol, la]? — 1.53° (homogeneous), were poured into 
bomb tube and cooled in a dry ice-acetone bath. Then about 
25 cc. of anhydrous hydrogen iodide were distilled into it. The 
tube was sealed and allowed to stand at room temperature for | 
It was then heated for | hour at 70°, cooled in dry tee, and 
The hydrogen escaped overnight The 
The extract was washed 


week, 

opened. 
iodide was extracted with pentane. 
with sodium bisulfite solution, dilute sodium carbonate solution, 
and water, and dried over phosphoric anhydride. The rodide 
distilled at 60°; p = 2 mm.; yield 22 gm.; n2 1.4897; d? = 


L3398 (in racuo). 


~3.46 


205s IN. Chomogeneous) 


Least maximum IMI; = 240 
6.730 mg. substance: O.S800 mg. CO, and 4.24) me. HO) 
C.H,:-1. Caleulated. C 30 00,H714 


Ethylbutylethyl Bromide -Bromo-2-kthylhe can gm. of 
153°, were treated with 30 gm. ot 
phosphorus tribromide at -10°. The solution was heated 1 
hour at 100°, The bromide was isolated as usual. Bop. 110 11D, 


p = 7imm.; vield 10 gm.; nF 1.4526; (in 


et hvlbutyvl et hanal, 6 
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12 (Ml, = —5.0)0 (homogeneous) 


Least maximum = —104 
6.016 me. substance: 10.0905 me. CO, and 4.800 me HO 
Caleulated. C 49 73, 118 SS 
Found. “oan “aa 


Kthulbutyl propronie plane Acid (J)) 10) ih. 
of ethylbutylethyl bromide, [al = —2.59°, were dropped into 2 
gm. of magnesium turnings in 50 ec. of dry ether. The mixture 
was refluxed for a few minutes, and then cooled in an ice-aleohol 
bath. Carbon dioxide was then passed in and the acid isolated as 
usual. 


a», +121 @ Chomegeneous) 
33 
Least maximum = +7.41 


substance: 11.280 me. CO, and 4.645 mg. 
Caleulated. C 68.20, 11 47 
Methane tii. of ethylbutvlethyl 
lal? = —25S° (homogeneous), were dissolved in about 50 ce. of 
methanol and 25 ec. of 10 per cent alkali. Raney’s catalyst was 
added and the mixture shaken in an atmosphere of hydrogen for 
16 hours. The hydrocarbon was isolated as usual and distilled. 
B.p. 115°, p = atmospheric; vield 4 gm. 


Maximum [M|> = 
3.275 me. substance: 10.107 me. CO, and 4.685 me. HO 
CH... Caleulated. C S411, 


+ Levene, P. A., and Marker, R. J. Biol. Chem., 9, 456 (1931). 
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OPTICAL ROTATIONS OF CONFIGURATIONALLY 
RELATED AZIDES 


hy P. A. LEVENE anno ALENANDRE ROTHEN 
vor Asstsrance or Mantin Kun, 
(Prom fhe Laboratories of The Rockefeller for al Research, 
New York) 


(Reeeived for publication, June 20, 1056) 


Substances of the following type can be classified into two 
entegories 


if \ 
* * 
é 


(CH.)R 
I 


= Ooraninteger; NX = a functional group; R = a normal 
alkvl group, (elf, or Cel). To the first belong series of sub- 
stances In Which the configuration of the members having n, = 0 
ean be correlated by methods of classical organic chemistry to those 
of the members having #, > O. The most representative series 
of this category ix the one tn whose members 


To the second category belong series in which the above correla- 
tion cannot be established by the methods of classical organic 
chemistry. “The most representative series is that in whieh X is a 
halogen. 

In individual series of the first category, the following observa- 
tions were made: First, the partial rotations of the functional 
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group of the members having 1, = 0 were of opposite sign from 
those having m, > 0; second, a periodic change was observed in 
the shift of the direction of rotation of these partial contrbutions 
with the progressive increase in the value of nm. 

In the second category of substances only the members of the 
series beginning with, = Ll ecan be correlated by methods of elas- 
sical organic chemistry and a periodic shift of rotation is observed 
with increase in m,. It was expected that by assigning alterna- 
tively a dextro- or a levorotation to the members having m, = 0, 
one of the series would parallel completely the events of the series 
of the substances of the first category. In that series the member 
with », = O would be correlated to the members having ny > 0. 

If a dextrorotation be assigned tothe halides and azides having 
n, = Ogiven in Table I, the series so obtained would resemble the 
series of aldehydes with respect to the change in the 
direction of the shift of rotation with the inerease in 
the value of my. On the other hand, they differ from the series of 
aldehydes in that no change in rotation Is observed on passing 
from the members with », = Oto those with nm, 1. 

If a levorotation is assigned to the members having) = 0, series 
ure obtained resembling those of the first entegory in only one 
respect: namely, the rotations the ng O are 
of opposite sign from those having mn, > 0. 

Thus, the analogy in the rotatory events observed with the 
progressive increase of the value of nm, in the two eategories of 
substances one represented by the aliphatic aldehydes and the 
other hy the halides is not complete and therefore the comparison 
of the two sets of events fails to answer the question of the con- 
figurations! relationships of substances of the second category 
having 0 to those having | 

kor the Purpose ot Ing our pore the azide bases em 
tage over the halides inasmuch as they can be converted into the 
corresponding amines. True, the amines, like the azides and the 
halides, belong to the second eutegory of substances. However, 
the amines having n, = Ocean be correlated to those having mn, = 1 
by a sufficiently reliable argument, even though the latter is not 
based on methods of classical organic chemistry. The results of 
the conversion of the azides into the corresponding amines will be 
reported in the present communication and are summarized im 
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Table IL. The discussion of the configurational relationship of 
the amines and therefore of the azides having n, = O to those 
having m, = 1 will be made the topic of a later communication. 
It is hoped that a comparison of the events in the series of azides 
with those of the series of halides will furnish a basis for the cor- 
relation of the configurations of the halides having n,» = O with 
those having m, > 0. 

Synthesis of the Azides—The secondary azides were prepared 
from the iodides by the action of sodium azide. It is worthy of 
note that in two azides prepared in this manner there was observed 
a change of sign, the rotations being of a high value. 


Ill 
Rotation of Azides and (‘orreaponding Amines. iM Homogeneous 


CH, CH, CH, CH, 
CH, CH, CH, 
+54 
CH, 
H--C--N, H.--C-- Nit, 
rt 
+430 +54° 


If it be granted, on the basis of observations on substances 
having nm, > 0, that corresponding partial rotations of the halogen 
atom and the azide group are of the same direction in configura- 
tionally related substances, then the conelusion will have to be 
reached that configurationally related secondary halides and 
secondary azides rotate in the same direction. It would therefore 
follow that the substitution of the iodine atom by an azido group, 
described in the experimental part, is associated with Walden in- 
version. On this assumption the high value of the rotation of 
the azido derivatives is noteworthy. 

The primary azides were prepared from the corresponding al- 
cohols of known configuration. The set of reactions leading up to 
them can be seen from Table IT. 


4 


7 
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Synthesis of the Amines —The amines were prepared trom the 
corresponding azides by catalytic reduction with hydrogen in the 
presence of Adams’ catalyst (see Table ITD). 


SUMMARY) 


1. A series of azides having n, = 0, 1, 2, and 3 has been pre- 
pared. The rotatory events associated with the progressive in- 
crease in value of mn, have been compared with those observed in the 
series of the corresponding halides. They were found to be 
similar for substances having nm, > 0 

2. The rotatory events observed in the sertes of azides and 
halides (classified in the same category in which members having 
= i) be correlated hy nethods classi al organic 
chemistry to those with nm, > 0) were coorniprare d with those in the 
series ol aliphatic aldehydes (the most representative series of a 
category of substances in which the configuration of the members 
having nm, = Ocan be correlated to those having n, > 0 byw methods 
of classical organic chemistry). They were found to be not 
similar in both categories of substances Henee a COMP ol 
these events cannot be fis hoor the leat the 
members of the series of halides and azides having » with 
those having > 0. 

5. The azides were reduced to the corre It 
hoped that in the series of amines the members having » O will 
be correlat: to those ink mig ny > O, Inaking tole the 
relation of the azides having QO with those having » 


ENPRERIMENTAL 


Jt gr. ol 


- er > \I .» the 


ay 


were placed ina bomb tube, cooled ina dry ice-acetone bath, and 
30 cc. of anhydrous hydrogen iodide were then distilled inte the 
substance. The tube was sealed and allowed to stand at room 
temperature for 2 days. It was again cooled, and opened. After 


the excess hydrogen iodide had escaped, the substance was 
poured into ice and extracted with pentane. The extract) was 
decolorized with sodium bisulfite solution, then washed free of acid 


| | 
| 
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with water, and finally dried over phosphoric anhydride. The 
iodide was then distilled. B.p. ILL 1IS°®, p = 1 atmosphere; 
vield 38 gm. 


‘ 33 ‘ 
* wm [Ml = —24.1° (homogeneous) 


me. substance: me CO, and 4.900 me. HO 
CH. Caleulated. C 2.08, H 4.93 
Isto Found “See 


Dertro-2-Azidobutane 30 gm. of 2-odobutane, = 
(homogeneous), were added to a solution of 13 gm. of sodium azide 
(Kahlbaum) in 45 ee. of water and 300 ec. of methanol. The 
solution was sealed in four bomb tubes and heated overnight at 
80°. An equal volume of water and about 2 volumes of CaCh, 
solution were added. The oil was extracted with pentane. The 
extract Was Washed with concentrated caletum chloride solution 
and dried over dry ealetum sulfate. The pentane was distilled 
off at atmospheric pressure. The azide was distilled from a 
boiling water bath; the pressure was regulated so that the azide 
just distilled. Bup. p= SOO vield 5 gm OS619 
rercue): n= 1.4122. 

13.75 


‘ \I ( ) 
« 


3.00) mg. substance: mg. CO) and 2.695 me. HO 
CHIN. Caleulated (48.44, H 
wel * 9.38 


De rtro-2-A minobutane —5 em. of 2-azidobutane, la = + 
(homogeneous), were dixsolved in 20 ec. of methanol and 0.5 th. 
of Adams’ catalyst was added. This was shaken under a pressure 
ol 3 atmospheres hvdrogen lor hours, The catalyst Wits 
filtered off and hwdrogen chloride in methanol was added to the 
filtrate. This was concentrated to dryness under reduced pres- 
sure. Benzene was added and the solution again evaporated to 
dryness. “The ervstals were taken up in ether and petroleum ether 
and then filtered. Yield 4 gm. 


& 100 
100 
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The solution was made alkaline with concentrated sodium 
methylate. 


+0.12° 
* = > = +0. 


6.7 


5.100) mg. substance: 0.44 ec. N. at 27° and 761 mm 
(i NCI Caleulated, 12.3%: 12 


Le ro-2-] odvoctane ol octanol-2, 


were placed in two bomb tubes which were cooled im a dry lene 
acetone bath Then about 20 ce. of anhydrous hydrogen 
were distilled into each tube. The tubes were sealed and allowed 
to stand overnight at room temperature. They were again cooled 
and opened. The excess hydrogen iodide was allowed to cseape 
overnight. The iodide was extracted with pentane. The extract 
was Washed with a solution of potassium iodide, then with water, 


and dried over phosphoric anhydride. 52°, p mim.; 
vield 37 = 1.4863; Gn vacuo) 
— 
1.82 


C.H.-1. Caleulated. C 30.00, H 7.14 
bound 


(homogeneous), were added to a solution of S gm. of sodium azide 
in SO ce. of water and 200 ce. of methanol, The solution was 
heated tor hours ut iti The procedure 
followed was that described for the preparation of 2-azidobutane 


Bp. 6S°, p 9 mm.; vield gm SI per cent; 


The rotation of the substance wa- 


+3 40° low 
12.4 


me. substance: 0.755 ee Ne at 23° and 
C,H,:N, (155.2). Caleulated, N 27.08; found, N 27.17 


I, | 
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Dertro-2-Aminooctane gm. of 2-azidooctane, = +28.0° 
(homogeneous), were dissolved in 50 ce. of methanol and I gm. of 
Adams" catalyst was added. This was shaken at a pressure of 3 
atmospheres of hwdrogen for 25 hours. The mixture was treated 
as described for 2-aminobutane. 

A small part of the s<ubstanee was converted into the chloro- 


platinate 


OST me. substance: 0.370 e«. N, at 22° and 760.6 mm. 
cH (68.2). Caleulated, N 4.19; found, N 4.36 


The bydrochloride was dried over phosphoric anhydride in a 
desiccator 


UO 


The tree amine was obtamedd bry treating the hydrochloride with 
concentrated The ether extract was washed with 
trated We ane dried over sem The substance was distilled. 
48°, p Omm.: vield 3.5 n= 14220 


= om LN), 41° Chomogeneous) 


De gm. of 2-methylbutanol-1, 


140° (homogeneous), were divided into three approni- 
niately ‘ peart~ amd each transferred into a bomb tube, cooled 
were distilled inte each. The sealed tubes were allowed to stand 
at room temperature for L week. They were then heated at 70° 
for Lhour, The tubes were again cooled and opened. The todide 
Was isolated as usual. The pentane extract was dried over phos- 
phore anhvedride. The todide was distilled. Bop. 145 146°, 
atmosphere: vield 110 1 4050. 
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Maximum [MJ]> = +11.1° (homogeneous) 
3.550 mg. substance: 4.200 mg. CO, and 1.930 mg. HO 
Caleulated. C 30.90, H 3.00 
Found. 20.20, * 540 


Dertro-1-Azido-2-Methylbutane AO gm. l-iodo-2-methyl- 
butane, la}? +4.18° (homogeneous), were added to a solution 
of 17 gm. of active sodium azide! in 45 ec. of water and 350 ce. of 


methanol. The solution was sealed in bomb tubes and heated for 
5} hours at 90°. The azide was isolated as described above. 


The main fraction distilled at 72°; p = 158 mm.; vield I3.5gm.; 
n> = ].4240: (in race). 


07 


Maximum [M), = +11.6° Chomogeneous) 
3.510 me. substance: 1.137 ec. N, at 24° and 751 mm 


O40 me CO, and 4.22) me. 
Caleulated. C 53.06. H @S80, N 37.15 


Levo-1-Amino-2-Methylbutane gm. of l-azido-2-methyl- 
+700" (homogeneous , were re duced with Adams’ 


butane, = 
The mixture was shaken for 2} hours in 


catalyst in methanol. 
hydrogen at a pressure of 3 atmospheres. The substance was 
isolated desenbed for The ervstal- were tuken 
up in pentane and filtered. Yield 5 gm 


= —0).124 = —0.155 


Maximum iM - —(.21° (hvdrochloride in water) 
1600 mg. substance: O.458 ec. N, at 26° and 751 mm 
(123.6). Caleulated, N 11.34; found, N 11.23 
An azide of lal? +4.79° (homogeneous) was reduced as above, 
and the free amine isolated. Bop. 40 45°, p = 12 mm 


Maximum (Mi. = 15S) (homogeneous) 


Newman, J. Am. Chem. Soc., 67, 734 (10%) 
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rane 20 of 
lal? = +0.37° (homogeneous, 1 dm.), were added to a solution of 
7.5 em. of sodium azide in 50 ce. of water and 200 ce. of methanol. 
This was refluxed for 60 hours on a steam bath. Part of the 
methanol was then distilled off through a fractionating column. 
The residue was poured into water and extracted with pentane. 
The extract was washed with water and concentrated caletum 
chloride solution, dried with powdered caletum chloride, and dis- 
tilled. B. p. 59 60°, p = 15mm.; vield 2 gm. 


2 030° (homogeneous, | dm.) 
310) mg substance: O.716 at 23° and 49 mm. 


10.400 me. CO, and 4.461 me. H,O 
CHEN Caleulated. C 50.52, H 10.71, N 29.77 
Found. "Give, ~ 


gm. of 2-methylnonanol-1, 


la 2 2.58 (homogeneous) 
| < ONS 


were placed ina Pyrex pressure bottle, cooled in a dry ice-acetone 
bath, and anhwdrous hydrogen todide distilled into it. The stop- 
per Was clamped on, and the bottle was allowed to stand at room 
temperature for 2 days. Then more anhydrous hydrogen todide 
was distilled into it, and the solution was allowed to stand for 2 
days. The total hydrogen iodide used was 16 gm. The reaction 
praduet was poured into water and extracted with pentane. The 
extract was washed with water, sodium bisulfite solution, water, 
concentrated ealetum chloride solution, and then dried over an- 
hvdrous calcium chloride. The solution was filtered and the 
product distilled. Bop. 86°, p = 4mm.; vield 11 gm.;d? = 1.254 
(in racuea) 

Mi, = (homogeneous) 


mg substance: me CO, and 3480 me. HO 
Caleulated. C 44.76, H 7.00 
1 44.90, * 7.83 


Levoel-Azido- thulnonane (thi. of 
nane, fal= -0.68° (homogeneous), were added to a solution of 


| 
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4 gm. of sodium azide in 24 ce. of water and enough methanol was 
added to make the solution homogeneous (about 200 ce.). This 
was refluxed for 24 hours. Then it was poured into water and 
extracted with pentane, The extract was washed with water and 
concentrated calerum chloride solution, then dried over anhy- 
drous caleium chloride. The product was then distilled. Bp. 
98- 102°, p = 10 mm.; vield 5 gm.; = O.S658 (in vacuo); = 
1.4430. 


= ow: ML, (homogeneous) 


3.785 mg. substance: 0.725 ec. N. at 22° and 775 mm 


2.715 me. CO. and 3.800 me. HO 


Methyl nlane 20 em. of 3-methvipentanol-l, 


were placed in two Pyrex tubes, cooled dry lee-ncetone, 
and about 25 ec. of anhydrous hydrogen iodide were distilled into 
each. The tubes were then sealed and allowed to stand at room 
temperature for 4 days. Then they were heated in water at 65° 
for 1 hour and placed in a dry ice-acetone bath. The tubes were 
opened and allowed to stand in the cooling bath overnight. The 
Hil escaped, The solution Wits poured Inte we and phot 
sium iodide solution and extracted with pentane The extract 
was Washed with 10 pereent Potassium lodide solution, water, and 
chloride solution. It was dried over anhydrous calcium 
chloride and filtered. Phosphoric anhydride was added and the 
solution was allowed to stand overmight. It was then filtered and 
distilled. B.p. 34°, p = vield 20 gm.: = L3934 (in 
racua): n> 1 S606. 
} 
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Maximum [M]> = —43.9° (homogeneous) 

6.300 me. substance: 7.000 mg. CO, and 3.550 mg. HO 
C Hy I. Calculated. $3.06, 6.18 
212.0 Found. HD, 6.31 


Levo-l-Azido-3-Methylpentane -13 gm. of 1-iodo-3-methylpen- 
tane, fal” = —7.61° (homogeneous), were added to a solution of 
5.2 em. of sodium azide in 30 ee. of water and 275 ee. of methanol. 
This was poured into a pressure bottle and heated in an autoclave 
at 100° for S hours. The product was isolated as above.  B.p. 
145 148°, p = 760 mm.; vield 2 gm. (the greater part escaped); 
= 1.4300. 

100 


— = 7s IMI. 


Maximum [M =» —26.3° (heptane) 
3.310 me. substance: 6.88) mg. CO, and 3.060 me. HA) 

Caleulated. C 56.64, H 10.41 

127.1 Found. ** 36.72, ** 10.31 


gm. of 4-methylhexanol-1, 
la\ = +3.21° (homogeneous) (made from Kahlbaum’s active 
amyl aleohol), were treated with anhydrous hydrogen iodide as 
deseribed above. The sealed bomb tubes were allowed to stand 
at room temperature for 1 week and were then heated at 70° for 
1 hour. The todide was isolated as usual. Yield 23 gm.;b.p. 
74-75°, p = 13 mm., and 124-126°, p = 108 mm.; n? = 1.4852; 


= 13579 (rn vacuo). 
l 


Maximum = +2).2 (homegeneotus ) 
17 me. substance: 4.750 mg. Agl 


6.505 CO, and 2.%O me 
Caleulated. C 37.16, 1 6.690, I 46.15 


20) gm. of  1-iodo-4-methyl- 
hexane, faJ” = +3.63° (homogeneous), were dissolved in a solu- 
tion of 7 gm. of active sodium azide’ (made from butyl nitrite) 


4 
q 
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in 35 ce. of water and 400 ec. of methanol. The solution was 
sealed in five bomb tubes and heated at 100° for 14 hours. This 
azide was isolated as deseribed for the others. Yield 6 gm-.: 
b.p. 157°, p = 418 mm.; =< 0.8636 (in vacuo): 1.4323. 


+2002" 10) 


x 
Maximum (MU. = +17.3° (heptane) 
3.628 mg. substance: 7.080 mg. CO, and me. HA 


Caleulated. C 50.50, H 1071 
141.2 Found iam 
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THE DISTRIBUTION OF IRON IN CERTAIN TISSUES OF 
: NORMAL AND ANEMIC ALBINO RATS* 


Ky GLEN WAKEHAM ano H. F. HALENZ 


(From the Department of Chemistry, University of Colorado, Boulder) 
(Reeeived for publication, June 5, 1996) 


Observations of the iron content of various tissties are numerous 
in biochemical literature. A few typical references are cited (1-10). 
There does not seem to have been reported, however, any Cote 
prehensive comparison between the iron content of normal and of 
anemic animal tissue. The present study was carried out to make 
such a comparison for Various tissues of white rats. 


ENPREIMENTAL 


Of the various proceedures used for inducing nutritional anemia 
in rats, that of Wacddell, Steenboek, Elvehjem, and Hart (11) was 
found most effeetive. As soon as they could be weaned (20 to 22 
days), voung rats were placed upon a Guernsey milk diet. They 
became highly and almost uniformly anemic within 6 to 8S weeks. 
The muilk for this purpose was milked directly into glass bottles. 
Suceess in obtaming highly anemic rats depends upon serupulous 
attention to all the reeogmzed precautions, including frequent 
Washing of the eages; especially is this true of glass cages which, for 
best results, should be cleaned daily. Both glass and galvanized 
iron cages were used, with approximately equal results in inducing 
anemia. The degree of anemia obtained is indicated in Table I, 
which gives the hemoglobin content in gm. per 100 mil. of blood 
(Newcomer's method) and the erythrocyte count in millions per 
Group contained fifteen adult rats, four males and 
eleven females, taken from stock. Group IL contained twenty- 


* The experimental data in this paper are taken from the dissertation 
submitted by H. F. Halenz to the Graduate Sehoo!l of the University of 
Colorado in partial fulfilment of the requirements for the degree of Doetor 
of Philosophy. 
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three selected anemic animals, eighteen males and five females, 
Group II] contained sixteen litter controls (animals from the same 
litters as those of Group ID), ten males and six females, which had 
been fed a standard normal diet. 

Representative blood samples for the tests were obtained from 
the blood draining into the body cavity when, upon opening the 
anesthetized animal, a lobe of the liver was exeised. This pro- 
cedure obviates certain objections (12) raised against the more 
commonly used method of obtaining the blood from the tup of the 
tail, Animals of Group | were mature animals, from 200 to 300 
days old, while animals of Groups PD and TPT were between 65 and 
90 days old. 

determinations were made means of Nhennedy’s 
method (1)——on liver, heart, striated muscle, kidney, and spleen, 


| 
Erythrocyte (Counts and Vie mogloben alues of No mal final Am beats 


(;roup 

I. Normal stock rats SOS 
If. Anemic rats \I B38 
3 
Litter controls \I 32 14 
| 


Most workers in this field seem to have assumed that AP pProxi- 
mately blood-free tissue could be obtained by bleeding the animal 
freely and washing the tissue. The following method was used 
Inanattempt to determine whether or not any of the tron foune in 
washed tissue was due to the presence of retamed blood. 
Erythrocyte counts and hemoglobin determinations were made 
on the blood of each animal when it was killed. From these data 
the exact ratio of erythrocyte to hemoglobin content of the 


blood for each animal was caleulated. A small sample of the 
unWashed tissue to be examimed was then thoroughly macerated 
solution and careful erythrocyte counts of several 
samples made. The iron content of hemoglobin is known to be 
very constant (0.335 per cent). From the above data the hemeo- 


| 
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globin content of the tissue was calculated from the hemoglobin 
to erythrocyte ratio. This, multiphed by 0.00335, gave the iron 
content of the tissue due to the presence of retained blood. This 
method obviates the difficulties encountered in making hemo- 
globin determinations of more or less colored tissue extracts. 
Total iron determinations of other samples of the same organ 
(from the same animal) were then made in triplicate. From 
these data the actual tissue iron could be determined. 

The effect of thorough washing in distilled water of small 
samples of tissue Was investigated, the tissue being repeatedly 
manipulated under water and dried between layers of filter paper. 
It was found that most tissues (spleen excepted) could be rapidly 
washed several times without losing more than a small fraction of 
I per cent in weight. 

The washed tissue was then analyzed according to the procedure 
deseribed above. The Havem’s solution washings showed only a 
afew stray erythrocytes. Benzidine tests were sometimes faintly 
positive, but usually negative. As this test sometimes shows 
positive for tissue extracts, these results were not considered 
significant. 

In a series of experiments involving liver tissue from fifteen 
animals, the following average results were obtained, the figures 
ineach ease being caleulated per 100 gm. of tissue. 


med 
Iron content of unwashed tissue 3 
Loss of iron in w ashing (difference) 1 Sh 
[ron content of w ashings (Rennedyv's method) 170 
_ “ Hb in unwashed tissue determined by dif- 
ferential method S2 


These figures seem to indicate that fresh tissue can be washed 
practically free of blood without any significant loss of iron aside 
from that contained in the blood and without any appreciable loss 
of tissue weight. Spleen tissue, on account of its histological 
nature, cannot be successfully treated in this way. In the final 
experiments, only unwashed spleen tissue was used. All other 


tissues were treated as described above. 

The results obtained in the final experiments are given in Table 
Il. No determinations were made on the kidneys of the four males 
in Group I. 
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DISCUSSION 

In normal rats, the iron content of the washed tissues examined 
is highest in the liver, followed by heart, kidney, and striated 
muscle in the order given. In anemic animals, heart precedes 
liver tissue. The average iron content of blood-free liver tissue 
of Group lil (normal control } and I] ruts Was 
10.33 and 4.15 mg. per 100 gm., respectively. Josephs (4) found 
from 2 to 7 mg. for comparable material from anemic animals: 
Kivehjem and Sherman (5) reported 18.4 mg. per 100 gm. of dry 


Taare Il 


Tron Conte nif Larious 7 issue Ma of Tron per ji", aa! T i 


Average iton content 


Group Tissue 

Male | Female Both sexes Range 
I. Normal Liver S 33 79 12 78-15 71 
rats Muscle 3.37 328 3.31 245- 3.63 
Heart 605 SS 82 5.OR- 7.88 

Spleen 33 51 41.5 Hl os 16 12-106 
Kidney 6 70 8 21 
Il. Anemic Liver 11S 115 2.76- 5.78 
rats Muscle 2.92 26 287 217- 363 
Heart is) 4 79 6.37 
Spleen SS S73 42 14.36 
Normal Liver 10 30 33 47- 12.16 
controls Nusele 2 83 2 27 ts 
Heart | 6.32 6.70 49 ».02- 7.91 

Spleen 42 17 2 “i 4 (2. 76 
Kidney 540 5 82 5 3%- 7 SI 


liver tissue from anemic animals. For dry, normal tissue, MeFar- 
lane (8S) reported from 43 to 65 mg. of iron.  Elvehjem and Peter- 
son (9) found 13.2 mg. for normal, fresh, non-blood-free material. 

More uniformity exists in the case of both heart and striated 
muscle. In heart muscle, average values of 6.49 and 4.79 mg. for 
normal and for anemic animals, respectively, were found. In the 
case of striated muscle, the iron content for anemic rats was 2.87 
mg. per 100 gm.; for the controls it was found to be 2.83 mg. 
Differences in iron content between the sexes are negligible in both 
CASES, 
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Washed Kidney tissue yielded 5.61 mg. and 3.02 mg. per 100 gm. 
for normal and anemic rats, respectively. It was also found that 
the cortex of normal washed kidney tissue has a higher iron content 
than the medulla. Bogniard and Whipple (2) first noticed this 
when working with dogs. Both the red cell count and hemoglobin 
values of female rats are somewhat higher than the corresponding 
values for male rats. Mitchell (13) also reported this in 1932 and 
correlated this fact with the well known observation that the con- 
dition otf pronounced anemia is not produced iis readily in female 
rats as in males. 

Unwashed spleens of normal females have an appreciably higher 
iron content than those of males. There is no significant difference 
in the case of anemic animals. Variations in iron content of 
normal spleens are very large, as also reported by Josephs (4) for 
rats, and by Bogniard and Whipple (2) and by Kennedy (1) for 
dogs. The average amount of iron for the control animals of both 
sexes found in normal spleen tissue was 40.4 mg. per lOO gm. For 
the anemue animals this value was decreased to 9.42 mg., ora loss of 
76.7 percent. The loss of hemoglobin in the blood of the same two 
groups of animals was 77.2 per cent. These figures suggest that 
the high spleen iron is due mostly to the blood corpuseles found in 
it, amd not to the iron content of the tissue itself. The figures also 
iIndieate that the spleen tissue proper loses little, if any, iron as the 


animal becomes anemic, 
St MMAKRY 


A simple method of obtaining approximately blood-free tissue 
has been desertbed, also a “differential” method of testing the 
efheieney of the operation. The iron content of four kinds of 
blowd-free (washed) tissue in thirty-three normal and twenty-six 
anemic albineg rats has been determined. Determinations of iron 
In normal and anemic spleen tissues not freed from blood are also 
given. During the development of nutritional anemia, skeletal 
muscle loses little or no iron, heart muscle about one-fourth of its 
iron, Kidney nearly half, and liver somewhat more than half. 
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THE ISOLATION OF THE PRINCIPAL ESTROGENIC 
SUBSTANCE OF LIQUOR FOLLICULI 


hy W. MaeCORQUODALE, SIDNEY A. THAYER, ano 
EDWARD A. DOISY 


(Prem anf Biological (he Louisa rail 4 School of 
Medicine, St. Loura) 


(Reeeived for publication, June 22, 1946) 


Since the introduction of the vaginal smear method of detecting 
and assaving the follicular hormone (Allen and Doisy, 1923) many 
investigators have studied the occurrence and distribution of 
estrogenic substances. Chemists interested in the sex hormones 
have isolated at least six different pure compounds from the urime 
of pregnant women and mares but until recently the nature of the 
active principle of the ovary was unknown. 

In their early work, Allen and Doisy used liquor follieuli aspi- 
rated from sow ovaries as the source of the follicular hormone. 
kxtensive work on the purification of the estrus-producing com- 
portent had given rather peotent non-crystalline products which, 
however, were less active than theelin. Therefore, it was assumed 
by many that the activity of these preparations was due to 
theelin. Llowever, in October, 1934, when we obtained a prepara- 
tion having a potency exceeding that of theelin, it became clear 
that at least a part of the activity of the follicular fluid was due to 
some other substance. Promptly, we tested the effeet of semicar- 
bazide on this preparation but contrary to the effeet onthe potency 
of theelin no significant alteration in the activity was observed. 
These observations stimulated our interest to such a degree that 
we have processed almost 4 tons of sow ovaries and have worked 
out a procedure which permits the recovery of approximately 
DO) per cent of the activity of liquor folliculi extracts as the pure 
crystalline di-a-naphthoate of dihydrotheelin. 

Several important factors have contributed materially to our 
success in isolating one of the active principles of the ovary. Our 
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earlier experience in the preparation and purification of extracts 
and the isolation of pure crystalline estrogenic compounds has 
been valuable. Furthermore, a supply of theelin for experimental 
work has been useful. The preparation by Schwenk and Hilde- 
brandt (1933) and others of the reduction product of the carbonyl 
of theelin has been of assistance. Finally, it should be stated that 
we have been fortunate, for if we had encountered a new and un- 
known compound, it would have been necessary to extract many 
more tons of ovaries. Complete recovery of all of the estrogenic 
substance as dihydrotheelin from the 4 tons of ovaries that we have 
processed would have given no more than 25 mg.  Sinee our over- 
all reeovery was less than 50 per cent, the quantity of crystalline 
hormone would have been entirely inadequate for the identifiea- 
tion of a new and unknown compound. 

Actually we have used about 400 liters of liquor folliculi in our 
work. Since unselected ovaries from the packing plants vield 
about 50 ce. of liquor folliculi per pound, 4 tons would be required 
to obtain 400 liters. However, owing to the cooperation of some 
of the packing plants which permitted selection of ovaries, we have 
not aspirated the full 4 tons. 

We attempted to use hashed ovaries but owing to the increased 
difficulties of extraction and purification decided agamst this 
procedure. Although the aspiration of the liquor is laborious, it is 
really an important step in purification and, furthermore, the dis- 
carding of the residual ovary is probably not an important source of 
loss of the follicular hormone (see Doisv, Ralls, Allen, and John- 
ston, 1924). 

In a preliminary paper (MaecCorquodale, Thayer, and Doisy, 
1935) we reported the isolation of an active principle of sow 
ovaries. The compound was obtained as the ervstalline m- 
bromobenzoate which had the same melting point as an authentic 
specimen of dihydrotheelin m-bromobenzoate. The derivative 
was hydrolyzed and the hormone itself recovered in a erystalline 
condition. The melting point agreed with that of dihydrotheelin 
and a mixed melting point showed no depression. Furthermore, 
the assays of the hormone and of dihydrotheelin gave identical 
values, 

Although this evidence seemed satisfactory to us, it was realized 
that more convincing proof was desirable. Since our yields had 
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been rather disappointing at times, it seemed that we might econo- 
mize by studying the derivatives of dihydrotheelin. Accordingly, 
a number of derivatives were made and their solubilities studied. 
The most suitable compound for our work seemed to be the di- 
a-naphthoate and, as can be seen from a later section, this deriva- 
tive was used rather advantageously. 

The next attempts at purification were conducted on synthetic 
dihvdrotheelin. The inactive oil recovered from earlier fractiona- 
tions was added to small quantities of dihydrotheelin and the 
stability of the latter studied under various conditions. It was 
found that a quantitative recovery could be obtained by sublima- 
tion rn vacuo of the acetylated mixture. Furthermore, dihydro- 
theelin was readily isolated in good yield from the hydrolyzed 
sublimate through the di-a-naphthoate. 

The last phase of our isolation experiments was effeeted on the 
extract of 107 liters of liquor folliculi plus 56,000 rat units of the 
partially purified hormone left from our previous work. The total 
amount of hormone in the 107 liters was about 128,000 rat units, of 
which about 15 per cent was lost in the preliminary purification, 
leaving about 109,000 units in a form similar in purity to the 
56,000 units saved from earlier work. This total of 165,000 rat 
units is equivalent to approximately 10.0 mg. of dihydrotheelin. 


EXPERIMENTAL 


Preparation of Derivatives Used in Our Experiments on Tsolation; 
Dihydrotheelin ~The reduction of the carbonyl group of theelin to 
a secondary aleohol was reported by Schwenk and Hildebrandt 
(1933) and by Girard, Sanduleseo, and Fridensen (1933). The 
former investigators do not state the method used but they sue- 
ceeded in obtaining both of the theoretically possible stereoisomers. 
The latter investigators carried out the reduction by means of 
sodium in alcohol, and also catalytically by means of nickel in the 
cold. By both methods they obtained only the isomer melting at 
174° (corrected). Laqueur, David, and de Jongh (1935) have also 
prepared this isomer by means of sodium and alcohol and Danielli, 
Marrian, and Haslewood (1933) obtained it by a eatalytie redue- 
tion with platinum. For our work we used the platinum oxide- 
platinum black catalyst of Adams, Voorhees, and Shriner (1932) 
in alcohol and obtained practically a quantitative yield of the 
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lower melting isomer which after crystallization from dilute aleohol 
melted at 173°! Dirseherl (1936), using the same catalyst, has 
recently reported results in agreement with ours. 

Pre paration of m-Bromohe nroales of Dihydrothes lin and Theelin 
Dihydrotheelin (21.9 mg.) was dissolved in 10.0 cc. of 10 per cent 
sodium hydroxide and 4.0 ce. of water. To the solution 0.25 ce. 
of m-bromobenzoyl bromide was added and the flask was shaken 
vigorously until the reaction was complete. The ester was filtered 
off, washed with water, and then dissolved through the filter with 
acetone. It was ervstallized once from 70 per cent alcohol, once 
from dilute acetone, and twice from 95 per cent aleohol. The 
yield was 27.3 mg. of pure white erystals melting at 155 156°, 
The analysis showed it to be the mono-m-bromobenzoate. The 
vield was 74.6 per cent of the theoretical. 

Caleulated 91, OS, Bre 17 


From 30.0 mg. of theelin by the same proceedure there were ob- 
tained 45.6 mg. of m-bromobenzoate (90.6 per cent of theoretical) 
after two recrystallizations from aleohol, Theelin m-bromoben- 
zoate crystallizes in stout, well formed needles melting at 221.5- 
223°. 

bound @.13, 3.47,35 61, 17.83 


Pre paration of a-Naphthoat 8 of Dihudrotheelin and Theelin 
Dihydrotheelin (10.1 mg.) was heated for 1 hour with an excess of 
a-naphthoy! chloride in 2.0 ce. of dry pyridine. In order to facili- 
tate the removal of the excess acid chloride which reacts extremely 
slowly with water or dilute alkali at room temperature, an excess 
(0.5 gm.) of glycine was added and the mixture heated for 1 hour. 
In this way the water-insoluble a-naphthoyl chloride was con- 
verted to a-naphthoylglycine which readily dissolved when the 
reaction mixture was diluted with a saturated solution of sodium 
bicarbonate. The insoluble dihydrotheelin dinaphthoate was 
removed by extraction with ether, the ether was distilled, and the 
residue dissolved in acetone and treated with norit. The filtrate 

' All melting points are uncorrected and were taken with a Bureau of 
Standards calibrated, long stem thermometer 
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was diluted with 95 per cent aleohol and heated on the water bath 
to remove the acetone. It was concentrated until erystals began 
to separate and was then allowed to stand at 5°. Two reerystal- 
lizations gave 15.2 mg. (71 per cent of the theoretical) of white 
crystals melting at 195-196°. 


Caleulated. C 82 72, 16 25 
Found. ** 82 71, 82. Si, ** 6.02.6 16 


By the same procedure theelin a-naphthoate was obtained as 
pure white erystals melting at 200.5 -202°. 


Coll). Caleulated. C S82 05, 16 65 
Pound ** 02, 82.04, ** 6.58, 6.41 


Attempts to prepare the di-m-bromobenzoate of dihydrotheelin 
by* this procedure resulted only in the formation of a mono-m- 
bromobenzoate identical with the one obtained by the Schotten- 
Baumann reaction. 

Preparation of Extracts of Liquor Follieule Liquor folliceuli was 
aspirated from sow ovaries and preserved with 2 volumes of 95 
per cent ethyl aleohol. This mixture was heated to boiling, 
filtered, and the material remaining on the filter transferred to a 
beaker and extracted three times with boiling aleohol. The 
filtrates and extracts were concentrated to dryness by distillation 
in vacuo and the residue emulsified in a little hot dilute sodium 
hydroxide. This emulsion was extracted with ethyl ether (per- 
oxide-free); the extract was washed with a solution of sodium car- 
bonate and water and distilled. Theresidue, composed largely of 
cholesterol and its esters, was partitioned between 70 per cent 
ethyl aleohol and petroleum ether, as described in an earlier pub- 
lication (Ralls, Jordan, and Doisy, 1926). The aleoholie solution 
containing most of the hormone was distilled to dryness, the resi- 
due dissolved in a small volume of butyl aleohol (20 ec. for the ex- 
tract of S to .16 liters of liquor follieuli), 5 volumes of petroleum 
ether were added, and the solution was repeatedly extracted with 
small volumes of 0.25 N NaOH (see Veler, Thayer, and Doisy, 
1930). The alkaline solution was passed through a sintered glass 
filter and then enough hydrochloric acid added to produce a faint 
haziness. Exhaustive ether extraction removed the hormone. 
The ether was distilled, the residue dissolved in toluene, and the 
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hormone removed from toluene by shaking repeatedly with 0.2 x 
NaOH containing enough salt to prevent emulsions from becoming 
troublesome. The alkaline solution was filtered, partially neu- 
tralized, and extracted with ether. The ethereal solution was 
distilled, the residue leached with benzene, and the leachings 
filtered. The weight of the hormone in this fraction is approxi- 
mately one-fourth of the total solids. 

Isolation of Hormone As m-Bromohe nzoale It Wiis found that 
upon subjection of an active extract to distillation at 0.02 mm. 
pressure very little activity was obtaimed in the distillate collected 
helow 95° but that sublimation of the active material took place 
rapidly at 130.140°. Three preparations, containing a total of 
$2,000 rat units, were separately fractionated at 0.02 mm., each 
being divided into a volatile portion collected below 95° and con- 
taining little activity, a middle fraction distilling mainly at PS30- 
140° and containing most of the active substance, and an inactive 
fraction which did not distil below 150°. The three middle frae- 
tions which had a combined weight of 4.23 mg. were dissolved in 
100 ec. of 65 per cent alcohol (by volume) and shaken with 20 ce. 
of benzene. The alcoholic solution was evaporated to dryness and 
the residue (3.38 mg.) was dissolved in 1.0 ec. of benzene and fil- 
tered from a small amount of insoluble material. The solution 
was evaporated to a volume of 0.3 ec. and 1 ce. of petroleum ether 
(b.p. 30-60°) was added. The solution was cooled to 5° and the 
white precipitate filtered off and washed with petroleum ether. It 
was dissolved in 95 per cent aleohol, concentrated to 1.5 ce.,anda 
few drops of water were added. On standing overnight at 5° the 
material crystallized from the solution in fine white needles which 
were filtered off and washed with water. The weight of the erystals 
was 1.05 mg. and the bioassay showed the rat unit to be O.165 
microgram (Preparation 2-M-16). 

Another extract (weight 2.26 mg.) contaming SOOO rat units was 
carefully and repeatedly fractionated at 0.02 mm. pressure and a 
white crystalline sublimate obtained which weighed 1.73 mg. The 
bioassay showed it to be of approximately the same degree of 
purity as Preparation 2-M-16 (0.165 microgram) and so the two 
were combined for further treatment. The precipitation from 
benzene by means of petroleum ether was repeated and the 
material then was combined with Preparation 2-M-26 (weight 2.05 


| 
' 
| 
| 


MaeCorquodale, Thaver, and Doisy 441 


mg.) Whieh contamed 26,000 rat units and had been purified in 
the same manner as Preparation 2-M-16. The total weight of 
these combined preparations obtamed from 70 liters of liquor fol- 
leult was 4.83 me, with an aetivity of 43,000 rat units. It was 
sublimed carefully at a pressure of 0.02 mm. by heating at 110 
115° tor 4S hours. The sublimate was meely erystalline and white 
with «a fringe of clear, glassv maternal, The melting point of the 
ervstalline portion was 162 163.5°. The weight was 3.48 mg. and 
the rat unt QOS muerogram. The maternal was dissolved in 4 
LO percent hbweroxide solution and 2 ee. of water, and 
shaken with i) ee at m-bromobenzovl 
When the reaetion was complete, the preeipitate was filtered off 
amd washed with water, Tt was dissolved in acetone and aleohel 
ane filtered. The filtrate was comeentrated to 0.25 ee. and al- 
lowed te stand overnight at 5°) The ervstals which separated 
were filtered off, washed with methwl aleohol, and dried at 110°; 
The produet was reervstallized by dissolving in 
aeetone, chluting with 95 per cent ethyl aleohol, concentrating to 
O25 ane nllow te at \~ the material thus ob- 
tamed was still slightly vellow, it was dissolved in acetone and 
treated wath C'rvstallization trom per cent aleohel then 
gave of pure white fluffiv ervstal< identical in appearance 
with the w-bromobenzoate of The melting 
was bod 155 

The ester was hydrolyzed by heating for LD hour im a platinum 
Vessel with ee. of per eent aleohele potassiam hvdroxide. 
The solution was diluted with water, heated to remove the aleohol, 
sendified te Conge red with acid, and allowed to stand 
> The Wiis filteres| off, with 
solution and then with water, and dried at 
weight O45 mg. Tt was dissolved in ee) of 95 per cent 
tleohol, treated with a few wrraitim filtered \ tew 
drops of water were added te the filtrate, which was then comeen- 
trates te 2 ee on the water bath and allowed to <tamd at 3°, The 
crvetallized on white meedles (see Fig. tdentiest! 
The ervstals wer with Writer, cried 
110): wenght O45 me ‘The melting Wot A mines] 
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of the hormone ervetals showed the rat to be 0.06 
microgram 

Isolation of the Hormone As the Di-a Naphthoat 
(76.000 rat was refluxed tor hour with Lee. ot aeetie 
anhveride. The exeess acetic was removed by cistil- 
leat canned the brown tor nt 
mamiv at 9) and the other at loo The latter woes 


stallizes in needles andiin platelet«, beth of which appear on the pheote- 


entirely only but the former contamed of 
well whute ervetals Thue Iraetion Was enretully” retrae- 
Hhonated amd ao pure ervetalline sublimate obtamed at 05 
Wie canned i? bias? Vel \- the 
a ek aT, ==, ‘distillute of the hormone 
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tained at 135-150°, was hydrolyzed with aleoholie potassium hy- 
droxide, and the solution acidified with hydrochloric acid and 
extracted thoroughly with ether. Dystillation of the ether left a 
pale yellow oil (8.60 mg.; the rat unit was 0.130 microgram). 
The oil was dissolved in aleohol and heated with semicarbazide 
acetate for 1) hours. The solution was evaporated to dryness and 
leached alternately with benzene and water. The insoluble 
fraction thus obtained weighed 1.33 mg. but it contained practi- 
cally no theelin semiearbazone for after hydrolysis with hydro- 
chloric acid the bioassay showed no significant increase. By con- 
trol experiments it had been found that 0.5 mg. of theelin could be 
easily separated in this way. From our investigations it appears 
that if there is any theelin in the follicular fluid of sow ovaries, it 
accounts for only an insignificant fraction of the estrogenie ac- 
tivity. 

The benzene-soluble fraction was dissolved in aleohol and the 
solvent allowed to evaporate spontaneously, A residue remained 
which was partly ervstalline and partlyoily. Theoily droplets were 
washed from the ervstalline material by means of 1.0 ce. of ben- 
zone. ‘The erystals remaming in the tube were sublimed at 0.02 
mm. and 160°: weaht 

Preparation (12.5 mg.; 54,000 rat units) was purified 
by fractional distillation of the acetate, followed by hydrolysis and 
sublimation om raewo. In this way 53.15 mg. of erystals were 
obtained. This material was combined with the LS75 mg. of 
ervstals of Preparation 77-1 and dissolved in 2.0 ce. of dry 
pyridine. “To this solution O10 ce. of a-naphthoyl chloride was 
added and the solution heated for Lhour on the waterbath. Then 
05 gm. of glveme was added and the mixture heated on the water 
bath for | hour, after which the reaction mixture was diluted with 
anexeess of saturated sodium bicarbonate solution. The preeipi- 
tate which remamed was taken up by shaking with ether. Dhistil- 
lation of the ether extract produced a residue of yellow oil con- 
taining fine white ervstals. This was dissolved in acetone, treated 
with norit, and filtered. The filtrate was diluted with aleohol and 
the acetone removed hy boiling. The aleoholic solution was con- 
eentrated to 1.5 ce. and allowed to stand at 5°. Crystals of the 
very sparingly soluble dihydrotheelin dinaphthoate separated, 
leaving practically all of the contaminating substances in the 
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mother liquor. The erystals were filtered off, washed with methyl 
aleohol, and recrystallized by the same procedure. After drying 
at 110° the ervstals, which had a faint vellow color, weighed 7.8 
mg. They were dissolved in acetone, treated with norit, and re- 
crystallized from 95 per cent aleohol, producing 7.0 mg. The 
fourth recrystallization gave 6.4 mg. of pure white crystals which 
melted at 191.-193°. A specimen of pure dinaphthoate of dihydro- 
theelin which had been made from theelin melted at 194-195° 
(taken simultaneously in the same bath) and the mixed melting 
point was 192-194°. The melting pomt of a mixture of the 
naphthoates of dihydrotheelin and theelin was 175 1S0°. 

Preparation 1S89-c-2 (12.5 mg.; 35,000 rat units) was combined 
with the benzene washings of the impure crystals obtained from the 
preceding extract (Preparation 177-d) and purified by the process 
used for Preparation 185-c-11. After four reerystallizations from 95 
percent alcohol there were obtained 4.6 mg. of pure dinaphthoate of 
the hormone with a melting point of 191-192.5°. On mixing with 
pure dihydrotheelin dinaphthoate the melting poimt was not 
depressed, The total amount of pure hormone dinaphthoate ob- 
tained from 165,000 rat units (© 10.0 mg. of dihydrotheeclin) was 
thus 11.0 mg., which corresponds to a recovery of 52 percent. Of 
this, 1.243 mg. were used for a molecular weight determination 
(Rast) and combustion analysis (Pregl). 

Caleulated. C 82.72, H 6.25, mol. wt. 
Found 

The remaining hormone dinaphthoate (9.8 mg.) was saponified 
by refluxing with aleoholic potassium hydroxide and the solution 
diluted with water and acidified with hydrochloric acid. An ex- 
cess of sodium bicarbonate was added and the cold solution ex- 
tracted five times with ether. The extract was washed with water 
and the ether distilled, leaving a white crystalline residue which 
was dissolved in methyl alcohol, treated with norit, and crystal- 
lized from 1.5 ec. of dilute methyl aleohol. The weight of the 
pure white needles was 3.5 mg. and the melting point 171-172”. 
A specimen of dihydrotheelin beside it on the thermometer melted 
at 172-173°. The melting point of a mixture of the two was 171.5 
173°. The melting point of a 3:1 mixture of dihydrotheelin and 
theelin was 164-168°, Of the 3.5 mg. of hormone 2.030 mg. were 
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used for a molecular weight determination and two combustion 
analyses. 


Caleulated. C 79 36, Hi mol. wt. 272 


Bioassay — Since the establishment in 1932 of the “international 
standard” for the assay of the follicular hormone, we have con- 
ducted many experiments ina study of factors affecting the aceu- 
racyot assays. This work, which is now being prepared for publica- 
tion, has indicated some of the precautions to be observed to 
obtain accurate results. We are convinced that in order to secure 
consistent results, uniformity of past history of animals is essential. 
Furthermore, for the greatest precision we find it necessary to 
conduct a parallel assay of the standard preparation on the same 
day with a group of comparable animals. In assaying this erystal- 
line material from the liquor follieuli we have carried out on the 
same day parallel assays of dihvdrotheelin prepared from theelin. 

Modified Marrian-Parkes Procedure Ovariectomized mice were 
given subcutaneous injections of four equal quantities of an 
aqueous solution at intervals of 12 hours. 


Assay Dihydrotheelin 2) units per me 
Crystals from ovary 200.000 


Modified Butenandt Procedure —X single subcutaneous injection 
of ovanectomized mice with the substance dissolved in oleum 
was made. 

Assay Dthvdrotheelin 67 OOO units per me. 

Crystals from ovary 67,000 = 


Modified Allen-Doisy Procedure Ovariectomized rats were 
given subcutancous injections of three equal quantities of an aque- 
ous solution at intervals of 44) hours 


Assay Dihvdrotheelin 16, 600 units per me 
(Crystals from ovary 16.000 “ * 


Curtis-Doisy Procedure Immature female rats were given sub- 
cutaneous injections of an aqueous solution in the morning and 
evening of 3 successive days beginning at 1S days of age. 


Assay Wihvdrotheelin SOOO units per me. 
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The identity of the active principle isolated from the Graafian 
follicle with dihydrotheelin prepared in the laboratory from theelin 
of pregnancy urine is thus established, 


DISCUSSION 


Our first isolation of the hormone as the m-bromobenzoate was 
preceded by a series of careful and time-consuming fractional sub- 
limations im vacuo. Although the pure erystalline hormone sub- 
limes unchanged under the conditions of our experiments, its 
separation from the other substances present in the extracts can- 
not be accomplished by this method without considerable loss of 
activity. It was subsequently found that acetylation of theextract 
before fractionation greatly increased the stability of the hormone 
and permitted an easy separation of the diacetate by one or two 
fractionations. 

The later work in which the naphthoate was employed gives an 
over-all yield of approximately 50 per cent which is much more 
satisfactory than was obtained with the bromobenzoate. While 
the m-bromobenzoyl bromide reacts with crystalline dilvdro- 
theelin to give a good yield it cannot be advantageously employed 
to separate the hormone from the impurities present in theextract. 
The solubilities of the ester and the impurities are such that the 
separation is unsatisfactory. On the other hand, the slight 
solubility of the dinaphthoate in ethyl alcohol permits a ready 
separation of the hormone from contaminating substances. 

Shortly after our announcement of the isolation of dihvdro- 
theelin from sow ovaries, Wintersteiner, Schwenk, and Whitman 
(1935) reported the isolation of the same substance and its ise- 
meric form from the urine of pregnant mares. These two inves- 
tigations are the only reports on the oecurrence of natural dihy- 
droxy estrogenic substances. 

Though we have obtained a large proportion of the estrogenic 
substances of sow ovaries as crystalline dihvdrotheelin, this 
finding does not exelude the presence of other estrogenic com- 
pounds. However, measured in physiological potency the amount 
of such compounds is small. One would expect the presence of 
other active compounds, since it is highly probable that some of 
the compounds of the intermediate steps in the formation by the 
ovary would possess some activity. 
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The isolation of dihydrotheelin from sow ovaries does not permit 
us to say that the ovaries of other species contain this hormone. 
One needs only to recall the difference between the estrogenic sub- 
stances of human and mare urine to realize the danger of exceeding 
the data in drawing conclusions in this field. However, in spite 
of the limitation mentioned the isolation of the principal estrogenic 
compound of sow ovaries is a source of satisfaction, since it repre- 
sents the conclusion of work begun by one of us in 1923. 

Assay by the vaginal smear method shows that dihydrotheelin is 
more potent than any other known substance in producing corni- 
fication in the vagina of the ovariectomized rat or mouse, Again, 
it would be unwise to exceed our data. This compound may be 
less active if assayed by other types of response produced by 
estrogenic substances. 

Since the statements of the large number of rat units used may 
convey an erroneous impression to those not active in this field it 
should be stated that the total amount of estrogenic substance, 
calculated as dihydrotheelin, in the liquor folliculi of a ton of sow 
ovaries is about 6 mg. The concentration in the liquor follieuli is 
about L part in 15,000,000 and in the ovary of the sow 1 part in 
150,000,000. 


SUMMARY) 


1. Dihydrotheelin has been isolated from the liquor folliceuli of 
sow ovaries as the m-bromobenzoate and also as the di-a-naph- 
thoate. Both derivatives were obtained as pure erystalline com- 
pounds agreeing in melting points with the corresponding deriva- 
tives prepared from dihydrotheelin obtained from theelin. A 
mixed melting point determination on the naphthoates showed no 
depression. The derivatives were hydrolyzed and the hormone 
obtained in the pure erystalline condition. In each case the 
melting point was in agreement with that of dihydrotheelin pre- 
pared from theelin, and the mixed melting point showed no 
depression. 

2. Complete analvtieal data, as well as molecular weight deter- 
minations, have been obtamed for the naphthoate and for the 
hormone obtained from it by hydrolysis. 

3. Bioassay of the hormone by four standardized procedures 
shows it to have the same estrogenic activity as dihydrotheelin 
prepared in the laboratory. 


448 Isolation of Estrogenic Substance 


We wish to acknowledge financial assistance from the Theelin 
Fund administered by the Committee on Grants for Research 
of St. Louis University. 


BIBLIOGRAPHY 


Adams, R., Voorhees, V., and Shriner, Ro L., in Gilman, H., Organic 
theses, New York, coll. 1, 452 (1932). 

Allen, E., and Doisy, E. A... J. Am. Med. Asan., 61, 810 (1923) 

Danielli, J. F.. Marrian, G. F., and Haslewood, G. A. D., Biochem. J., 27, 
319 (1933). 

Dirscherl, W., Z. physiol. Chem., 239, 53 (1036). 

Doisy, E. A., Ralls, J. O., Allen, E., and Johnston, ©. G., J. Chem, @, 
(1924). 

Girard, A., Sanduleseo, G., and Fridensen, A., Compt. rend. Soe, brol., 118, 

Laqueur, E., David, K., and de Jongh, S. E., Arch. internat. pharmacod, et 
therap., 61, 137 (1935). 

MacCorquodale, D. W., Thaver, 8. A., and Dowy, A, Pree, Soe, Exp. 
Biol. and Med., 33, 1182 (1935). 

Ralls, J. O., Jordan, C. N., and Doisy, E. A., J. Biol. Chem, 357 (1926). 

Schwenk, E., and Hildebrandt, F., Naturwissenschaften, 21, 177 (1083) 

Veler, C. D., Thaver, 8., and Doisy, E. A., J. Biol. Chem, 87, 357 (1980). 

Wintersteiner, O., Schwenk, E.. and Whitman, B., See. Exp. Biol. and 
Med., 32, 1087 (1935). 


| 
| 


FURTHER EVIDENCE FOR THE ABSENCE OF ALLOCHO- 
LESTEROL FROM THE ORGANISM* 


By k. A. EVANS, Jat 


(Prom the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, June 25, 1046) 


The fact that allocholesterol yields coprosterol on hydrogenation 
led several workers to suggest that it is concerned in the biological 
transformation of cholesterol to coprosterol (1), although recent 
evidence indicates that the conversion involves the ketones, 
cholestenone and coprostanone, as intermediates (2). Schoen- 
heimer, Dam, and von Gottberg (3) investigated the presence of 
allocholesterol in the organism, using the carmine-red color of the 
Rosenheim reaction with trichloroacetic acid as a means of quanti- 
tative assay. With this method they could find no evidence for 
the presence of allocholesterol in the various tissues investigated 
with the exception of the sterols from hen’s eggs. The Rosenheim 
reaction here was faintly positive. In view of the unspecific nature 
of the color test the question was left open as to whether the posi- 
tive reaction obtained with the egg sterols represented a small 
amount of allocholesterol or not. 

We have recently reported the preparation of pure allocholesterol 
by the reduction of cholestenone with aluminum isopropylate, the 
compound being especially characterized by its quantitative 
dehydration on acid treatment to the doubly unsaturated 3-2, 4- 
cholestadiene (4). The specifie absorption in the ultraviolet region 
shown by this hydrocarbon permits its ready detection in very 
small amounts. It is possible, therefore, to use this new reae- 
tion as a means of determining allocholesterol in the presence of 


* This work was carried out with the aid of a grant from the Josiah Maev, 
Jr., Foundation. 

t Columbia University Fellow, 1994.36. This report is from a disserta- 
tion submitted in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy in the Faculty of Pure Science, Columbia University. 
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other digitonin-precipitable sterols, since none of the known precip. 
itable sterols or their derivatives is dehydrated under the condi. 
tions of acid treatment.’ We have applied this method to the 
still unsettled question of the possible presence of small amounts 
of allocholesterol in the sterols from hen’s eggs. 

The application of the method to this material gave negative 
results, the sensitivity of the method being such as to permit the 
detection of less than 0.01 per cent allocholesterol. 


EANPERIMENTAL 


The volks of eleven tresh eggs were stirred inte 500 ee. of 25 per 
cent aqueous KOH and the solution let stand for 72 hours at room 
temperature in a nitrogen atmosphere. Water was then added 
and the material extracted with peroxide-free ether. The ether 
Was removed at room temperature and the residue dissolved in 500 
ec. of 10 per cent KOH in methyl aleohol | After standing at room 
temperature in a nitrogen atmosphere for 60 hours the solution 
was diluted and extracted with ether. The ether extract was 
washed and dried over NasSO, and KeoCO, and the ether removed 
at room temperature, a vellow ervstalline residue of 2.8 gm. being 
obtained. 1 gm. of this material was dissolved in 200 ec. of SO 
per cent alcohol and a solution of 5 gm. of digitonin in alcohol 
added. The digitonides (4.96 gm.) were filtered off and the sterols 
regenerated by dissolving in cold pyridine and precipitating the 
digitonin with ether (5). The sterols thus obtained were dissolved 
in 10 ce. of ether, an equal volume of methyl aleohol added, and 
the ether removed in a stream of carbon dioxide. The white 
crystalline material thus obtained gave a faintly positive Rosen- 
heim reaction and showed no absorption in the ultraviolet region. 
100 mig. of this material were dissolved in 10 ce. of G5 per cent 
ethyl aleohol, 2 drops of concentrated HCI added, and the solution 
refluxed for 2 hours. Water was then added, the sterols extracted 
with ether, and the ether, after washing, removed. The residue 
still gave a positive Rosenheim reaction; the absorption spectrum 
in the ultraviolet region showed no change. 99 mg. of this acid- 
treated material were dissolved in alcohol and an excess of digitonin 

' Epiallocholesterol would likewise dehydrate to A-2,4-cholestadiene 


under the conditions of acid treatment (4). Its presence is eliminated, 
however, by the initial digitonin precipitation. 
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was added. The digitonides (399 mg.) were filtered off, and the 
filtrate was taken to dryness in vacuo. The residue was repeatedly 
extracted with ether, and the ether extracts united and taken to 
dryness. The small quantity of residue was dissolved in 10 ce. of 
95 per cent alcohol and its ultraviolet absorption spectrum in- 
vestigated. ‘There was no indication of the presence of the absorp- 
tion bands of 3-2. 4-cholestadiene (no maxima at 229, 235, and 
240 mu). Further, the digitonides from the acid-treated material 
gave the faint Rosenheim reaction, while the non-precipitable 
fraction gave no color with trichloroacetic acid. 


SUMMARY 


The quantitative dehydration of allocholesterol to -2,4- 
cholestadiene on acid treatment and the specifie ultraviolet 
absorption spectrum shown by the latter compound permit the use 
of this reaction as a method for determining allocholesterol in the 
presence of other digitonin-precipitable sterols. In applying this 
method to the sterols of hen’s eggs no indication of the presence of 
allocholesterol could be found. 


The author gratefully acknowledges the helpful advice of Dr. 
Rudolf Schoenhemer, 
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FURTHER STUDIES ON THE AVAILABILITY OF COPPER 
FROM VARIOUS SOURCES AS A SUPPLEMENT TO 
IRON IN HEMOGLOBIN FORMATION* 


By M. O. SCHULTZE, C. A. ELVEHJEM, ano E. B. HART 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison) 


(Reeeived for publication, June 26, 1936) 


In a previous paper on this subject (1) it was shown that the 
copper of copper easeinate, glycine amide biuret, alanine amide 
biuret, hemocyanin, and of whole wheat was readily utilized by 
severely anemic rats to supplement iron for hemoglobin formation. 
The copper of copper hematoporphyrin, however, was found to be 
not available even when fed at high levels. This indicated that 
copper may exist in a form which cannot be utilized by the animal 
and that possibly animal and plant tissues might contain at least 
some of the copper in unavailable form. The implications of this 
were discussed in our earlier paper. These studies have since been 
extended to include a few more animal and plant tissues as well 
as some compounds in the form of which copper might oeeur in 
biological materials. 


EXPERIMENTAL 


The experiments were carried out as previously deserbed. 
Milk plus 0.5 mg. of purified iron daily constituted the basal diet of 
the anemic rats to which such amounts of the various sources of 
copper were added as to supply 0.01 mg. of Cu daily. The copper 
compounds studied were mixed with sufficient purified starch to 
permit accurate weighing of the daily dose. In all cases the sup- 
plements were fed in the morning with a small amount of milk to 


* Published with the permission of the Direetor of the Wisconsin Agri- 
cultural Experiment Station. 
This work was supported in part by a grant from the Research Funds of 
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insure rapid and complete consumption. Milk ad libitum was 
given later in the day. 

As usual we observed great precautions to avoid contamination 
with ionic copper. Copper citrate (Abbott) and copper nucleinate 
(Parke, Davis and Company) were dialyzed for 48 hours against 
redistilled water before they were used for the experiment. Simi- 
larly the copper aspartate, copper pyrophosphate, and cysteine 
cuprous mercaptide (the latter prepared according to Vickery and 
White (2), avoiding an excess of copper) which we prepared were 
dialyzed against 0.1 per cent H.SQO, in redistilled water for 48 
hours. Control animals were fed 0.5 mg. of Fe daily or 0.5 mg. of 
Fe plus 0.01 mg. of Cu as CuSO, The rats receiving pure iron 
only died from anemia in all eases. Hemoglobin determinations 
were made weekly by the Newcomer method 


DISCUSSION 


The results are represented in Chart [From these curves it is 
evident that the copper from all sources supplied was readily 
available to supplement iron in hemoglobin formation. In general 
the rate and extent of hemoglobin regeneration were about the 
same in all cases and corresponded closely with those obtained 
when 0.01 mg. of Cu was fed daily as copper sulfate. When wheat 
germ was fed as the source of copper, the response during the Ist 
week was greater than is usually observed with this level of 
copper. Possibly the additional vitamin supply carned by the 
wheat germ (1.43 gm. were fed daily) was responsible for this, 
The responses observed with dried pork heart and dried pork liver 
were somewhat slower and less extensive. This may partly be due 
to the fact that in the early stages of the experiment the rats some- 
times failed to consume the entire supplement and that their daily 
copper intake was actually a little less than O.OL mg. It is also 
possible that the slightly poorer utilization of copper that we ob- 
served when pork heart or pork liver was used as source of copper 
is similar to the decreased copper storage in the liver, which 
Coulson et al. (3) observed as a result of adding meat seraps to a 
diet high in copper. If, however, some of the copper of pork heart 
or pork liver was actually present in unavailable form, it would 
constitute such a small portion of the total copper as to be of no 
practical consideration. 
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Of particular interest is the fact that the copper of brewers’ yeast 
was wholly available. Fischer and Fink (4) isolated considerable 
amounts of copper coproporphyrin from the yeast protein, cymo- 
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Cuanr lL. Availatility of copper for hemoglotin formation. Composite 
curves of hemoglobin regeneration of rats receiving 0.5 mg. of Fe daily plus 
0.01 mg. of Cu from: Curve I, wheat germ; Curve I, alfalfa; Curve IIL, 
Anheuser-Busch veast; Curve IV, dried pork heart; Curwe V, dried pork 
liver; Curve VI, copper sulfate; Curve VIL, cysteine cuprous mereaptide; 
Curve VILL, copper aspartate; Curve IX, copper citrate; Curve X, copper 
nucleinate; Curve NI, copper pyrophosphate; Curve NIT, copper sulfate 
(curve reported 1944). The number of animals in each group is indicated 
in parentheses 


casein. They express the opinion, however, that the copper por- 
phyrin was not preformed in the yeast cell but that it was formed 
during the isolation of the porphyrin due to copper contamination. 
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Similar conclusions were reached by Stone and Coulter (5) who 
had evidence of the occurrence of copper coproporphyrin in ex- 
tracts from bacteria. 

Our results indicate that the yeast we used did not contain copper 
porphyrin and that in the digestive tract there was no formation of 
a complex between copper and porphyrin of the yeast. Living 
organisms evidently do not require the presence of appreciable 
quantities of copper porphyrins. 

Although the other copper compounds that were used in this 
study are quite insoluble, they were readily utilized by the anemie 
rats. The fact that copper fed with milk, copper cascinate, biuret 
compounds, copper aspartate, and cuprous cysteine mereaptide are 

‘adily utilized indicates that the formation in the intestinal 
tract of copper complexes by proteins or their digestion products 
does not interfere with absorption of copper. Brand and Stucky 
(6) found that copper glutamate is readily utilized by anemic rats. 
Handovsky (7) reported a marked hematogenic effect of “copper 
protein” and copper tyrosine. Keil and Nelson (8S) found that 
anemic rats could utilize Cuecd, Cu(OH)s, and Cul. Oda (9) ob- 
served the same metabolic effeets when copper was fed as copper 
nitrate, copper proteinate, or copper glycerophosphate. Feeding 
copper as a “siderac-copper compound” prepared by alkaline pre- 
cipitation of ferne or ferrous iron and copper sulfate and heating 
the precipitate at 300° in oxygen, failed, however, to produce the 
effects observed with the other copper compounds. But it. is 
unlikely that copper occurs in foodstuffs in such a form. 

Besides copper porphyrin the only copper compound which has 
been found to be a poor source of copper is Cus. Sherman, klve- 
hjem, and Hart (10) reported that the incomplete hemoglobin re- 
generation observed when volk was used as a source of iron was 
“not due to the unavailability of the iron present but to a retarded 
utilization of the copper” and that this may be related to the for- 
mation of insoluble copper sulfide in the digestive tract. When 
they fed 0.01 mg. of Cu daily as CuS (taking precautions to avoid 
oxidation of the sulfide) to anemic rats they observed only slight 
hemoglobin regeneration. Weil and Nelson (S) also observed that 
Cu is less efficiently used than other copper salts. In contrast 
to this, organic sulfide derivatives are available, as our results with 
cysteine cuprous mereaptide indicate. 
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From our work on the availability of copper and the isolated 
observations of others that we have quoted, it appears that the 
unavailability of copper in naturally occurring food materials and 
compounds that might be used for copper therapy is not a problem 
of practical importance as far as the dietary supply of copper is 
concerned. Under certain conditions the formation in the digestive 
tract and the unavailability of CuS may have to be considered as 
a factor in decreasing the utilization of dietary copper, 


CONCLUSIONS 


lL. The copper of wheat germ, alfalfa, brewers’ yeast, pork heart, 
pork liver, cysteine cuprous mereaptide, copper aspartate, copper 
citrate, copper nucleinate, and copper pyrophosphate is readily 
utilized by severely anemic rats to supplement iron for hemoglobin 
fornication. 

2. Unavailalality of dietary copper is apparently of little prac- 
tical importance. 
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ON THE OXIDATION PRODUCT OF CATECHOL WHEN 
OXIDIZED BY MEANS OF TYROSINASE 


Ry HARRY WAGREICH anpo J. M. NELSON 


(From the Department of Chemistry, Columbia University, New York) 
(Received for publication, June 12, 1936) 


It was only natural that the earlier investigators of the action of 
the oxidase, tyrosinase, on eatechol should have assumed that the 
first stage in the reaction is the formation of o-quinone. More 
recently this view of the reaction has gained additional approval 
from the studies carried on by Pugh and Raper (1). One of the 
difficulties encountered in trying to determine the nature of the 
initial oxidation produet of the eatechol is due to the great insta- 
hility of o-quinone, especially when the latter occurs in an aqueous 
solution. Sinee o-quinone forms with aniline an insoluble diani- 
linoquinone, Pugh and Raper allowed the enzymatic oxidation 
of catechol to take place in the presence of aniline. The forma- 
tion of the dianilinoquinone thus obtained is regarded by them as 
evidence that o-quinone is the initial oxidation product in the 
reaetion, 

About 2 years previous to Pugh and Raper’s publication, Robin- 
son and MeCanee (2) showed that in the oxidation of catechol by 
Ineans of tyrosinase, 2 atoms of oxygen are used up per mole of 
eatechol, Since only L atom of oxygen is required in converting 
eatechol into o-quinone, the question naturally arises as to what 
hecomes of this second atom of oxygen. Onslow and Robinson 
(3) have suggested that the oxidation of the catechol to o-quinone 
is aecompanied by the formation of hydrogen peroxide. 


(HOH), + O, -+ CHO, + HO, 


However, their attempts to prove the formation of hydrogen per- 

oxide in the reaction do not seem to be very convincing. Pugh 

and Raper expressed doubt concerning the formation of hydrogen 

peroxide, pomting out that some of their preparations of tyrosin- 
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ase also contained catalase. The presence of the latter would 
obviously tend to decompose any peroxide formed, thereby return- 
ing the second atom of oxygen to the reaction mixture. In order 
to reconcile their claim that o-quinone is the oxidation product of 
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Fic. Showing that atoms of OXVEen per mole of catechol were fre 
quired in the formation of the dianilinoquinene. Curve A, the reaction 
mixture = 3 ec. of 0.75 mecitrate-phosphate solution + 2ec. of a3 per cent 
aqueous aniline solution + 2ec. of 0.2 per cent aqueous catechol solution + 
l ec. of tyrosinase solution (13.5 units); pH 6.0. Curve B, the reaction mix 
ture is the same as that corresponding to Curve A except 2 ec. of water 
were used in place of the 2 ce. of the 3 per cent aqueous aniline solution; 
pH 6.0; temperature 25°. At points marked *, 6.5 more units of enzyme 
were added. 407 units on the ordinate axis correspond to 1 atom of oxygen. 
The enzyme preparation was obtained by precipitating the pressed juice 
from mushrooms with 3 volumes of cold acetone, dissolving the precipitate 
in water, and dialvzing against cold distilled water for 3 days 


eatechol with the consumption of 2 atoms of oxygen per mole of 
‘atechol, they suggest that in the absence of aniline the quinone 
suffers further oxidation to a higher oxidation product, the chemi- 
cal nature of which ts still undetermined 

In going over Pugh and Raper’s report on their study, the pres- 
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ent authors were unable to find any direct evidence supporting 
their suggestion that it is the o-quinone, rather than the more 
highly oxidized product from the catechol, that reacts with the 
aniline to form the dianilinoquinone. Obviously the formation of 
the dianilino compound, whether from o-quinone and aniline or 
from a more highly oxidized catechol and aniline, involves still 
further oxidation. In the present study it has been found that 3 
atoms of oxygen are consumed in the oxidation of catechol in the 
presence of aniline (Fig. 1) and the same dianilino compound is 
obtained as desernibed by Pugh and Raper. 


CH (OH), + 2C HANH, + 30 = C.H,O.(C + 3H,0 


In the absence of aniline only 2 atoms of oxygen were required to 
oxidize a mole of catechol, just as had been reported by Robinson 
and MeCance and later by Pugh and Raper. It was also found 
that the total amount of oxygen consumed, 2 atoms per mole of 
catechol in the absence and 3 atoms in the presence of aniline, is 
independent of pH between pH 4.3 and 8. By adding aniline to 
the reaction mixture, after the catechol had been previously per- 
mitted to take up 2 atoms of oxygen per mole, and therefore 
oxidized to a higher state than o-quinone, the same dianilinoquin- 
one was obtained as when the catechol was oxidized in the presence 
of aniline. On measuring the amount of oxygen required to form 
the dianilino compound, when the aniline was added to the reaction 
mixture after the catechol had taken up 2 atoms of oxygen, it was 
found to correspond only to 1 atom per mole of catechol (Fig. 2). 

From the observations cited above it seems just as logical to 
regard the oxidation of catechol by means of tyrosinase as going 
directly to the oxidation product resulting from the consumption of 
2 atoms of oxygen per mole of catechol, as to adhere to the view 
held by Pugh and Raper, riz. o-quinone being formed first and as 
such reacting with the aniline to form the dianilinoquinone. This 
new view of the mechanism involved in the enzymatic oxidation of 
catechol also has the advantage that it takes care of the second 
atom of oxygen used up in the oxidation of catechol, which has 
given rise to so much speculation by different workers. Likewise, 
in line with this view are the observations of Reinders and Dinge- 
mans (4). They find that in the oxidation of hydroquinone by 
oxygen, using a trace of copper salts as catalyst, a hydroxy-p- 
quinone results especially in solutions of pH in the neighborhood of 


| 
1200 | | | 3.0 Afoms of Oxygen 
¢ 
| 
5 of Oxygen | | | 
| 
600 
™* | | 
i 
| | | 
200) -— 
0 100 200 3900 400 S00 600/395 /480 (580 1660 


Time in Alinutes 


Fic. 2. Showing that onlv 1 atom of oxvgen per mole of catechol was 
taken up in the formation of the dianilinoquinone, when the aniline was 
wdded after the catechol had taken up previously 2 atoms of oxvgen. The 


reaction mixture = 4 cc. of O75 ™ cCitrate-phosphate solution + 2 ee. of 
0.2 per cent aqueous catechol solution + 2 cc. of tvrosinase solution (11.2 
units); pli H.1; temperature 25°. At the marked /, of 3 cent 


aqueous aniline solution together with 2 ce. of enzyme solution (112 units) 
were added; at points marked 2, 3, and 4, 2 cc. of enzyme solution (12 
units) were added The me solution was prepare do bw remea, ing some 
extraneous protein from fresh mushroom Juice by means of tri etic 
acid, neutralizing the filtrate te 6, and dialwzing for 6 dav« against eold 
distilled water 


8S. Very likely catechol is oxidized in the presence of tyrosinase 
and oxygen to a hydroxy derivative of o-quinone, and in this way 
requires the 2 atoms of oxygen per mole. 
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hic. 3. Showing that tyrosinase exerts a catalytic influence on the 
reaction involving the third atom of oxygen taken up by eatechol in the 
formation of the diantlinoquinone. Curve A, the reaction mixture = 3 ce. 
of O75 M citrate-phosphate buffer solution + 2 cc. of 0.2 per cent aqueous 
solution of catechol + 2 ee. of water + Ll ec. of enzyme solution (4.7 units); 
pH SS. Curve B, the reaction mixture is similar to that for Curve A 
except 2 ec. of 1.5 per cent aqueous solution of aniline were used in place of 
2 ec. of water and the 2 ce. of enzyme solution in this case contained only 
1S units. At points marked * and = ™ 1.2 additional units of enzyme 
were added. The pil of the reaction mixtures was 5.8; temperature 25°. 
407 units on the ordinate axis correspond to | atom of oxygen. The 
enzyme preparation used was obtained by first treating fresh mushroom 
juice with a small amount of dilute HCl to remove some of the aecompany- 
ing proteins; the filtrate obtained was then treated with a small amount of 
trichloroacetic acid, and the filtrate thus obtained was neutralized to pH 6. 
The neutral filtrate was then made 0.6 saturated with (NH,).SO,, filtered, 
and the precipitate dissolved in water and dialvzed against distilled water 


for 2 days 


The formation of the hydroxyquinone also agrees with the faet 
that only 1 additional atom of oxygen is taken up inthe formation 
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of the dianilinoquinone,' when aniline is added to the oxidized 
catechol. 


‘) 
() == () \=O 
CALNE, +O + + Ho 
(HIN 
OH NHC, 


Although the dianilinoquinone is easily formed, as shown by 
Pugh and Raper, when an ethereal solution of o-quinone is shaken 
with water containing some aniline, it seems from the rate of oxi- 
dation of the catechol in the presence of aniline that tyrosinase alse 
exerts a catalytic influence on the rate at which the third atom of 
oxygen is taken up in the reaction. Curve Bin Fig. 3 represents 
the uptake of ONVeEeh when catechol was oxidized im the presence 
of aniline. As has been pointed out by Graubard and Nelson, 
tyrosinase gradually becomes inactivated in the oxidation of 
catechol, and hence when only LS units* of the enzyme preparation 
were used in the beginning of the experiment, corresponding to 
Curve B, the oxidation had almost ceased at the expiration of 200 
minutes (the point marked X on the curve) and only about 2.5 
atoms of oxygen were consumed per mole of catechol instead of 3. 
However, by adding to the reaction mixture 1.2 additional units 
of the enzyme preparation, oxidation again set in until 3 atoms 
(3.25) were taken up. Upon further addition of 1.2 units of the 
enzyme preparation (the point marked & X on Curve B) no fur- 
ther uptake of oxygen occurred, mdicating that all the catechol 
had been oxidized and converted into the diantlinoquinone 


The rates of oxidation of the catechol as well as the total amount 
of OXVECH consumed were measured by means of the Bareroft- 
Warburg respirometer as desenbed by Graubard and Nelson (6). 
The enzyme preparations used were obtained from the common or 
field mushroom (/’salliota campestris) and the method of prepara- 
tion was similar to that deseribed by Graubard and Nelson 

' The structure assigned to the diantlino-o-quinone is that proposed by 


Kehrmann and Cordone (5). 
? For units of tyrosinase see Graubard and Nelson 
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SUMMARY 


1. The total amount of oxygen required in the formation of the 
diantlinoquinone from catechol and aniline, in the presence of 
tyrosinase, is 3 atoms per mole of catechol. This relationship 
holds over the pH range 4.3 to 7. 

2. The total amount of oxygen required in the oxidation of a 
mole of catechol is 2 atoms over the pH range 4.3 to 8. 

3. Only Ll atom of oxygen per mole of catechol is required in the 
formation of dianiinoquinone, when the catechol is permitted to 
take up 2 atoms of oxygen previous to the addition of aniline to the 
reaction mixture. 

4. The taking up of the third atom of oxygen in the formation of 
the dianilinoquinone from catechol and aniline is alse catalyzed by 
the tyrosinase. 

5. The experimental evidence up to the present indicates that 
the mitial oxidation of catechol by means of tyrosinase involves 2 
atoms of oxygen per mole of the extechol 
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A COMPARISON OF THE CALORIGENIC POTENCIES 
OF /-THYROXINE, «/-THYROXINE, AND 
THYROID GLAND 


WITH A NOTE ON THE THYROXINE CONTENT OF THE ACID- 
SOLUBLE FRACTION OF THE PEPTIC DIGEST OF 
THYROID PROTEIN 


Ky GL. POSTER, WALTER W. PALMER, axp JESSICA P. LELAND 


(Prom the Lh partment of Biological Chemistry and the De partment of 
ihe. Colle yaicrana and Surge Columbia University, 
New York) 


(Reeeived for publeation, 22, 104) 

ln a previous paper (1) it was shown that (a) the calorigenic 
activity of desiccated thyroid preparations is proportional to the 
thyroxine content of the gland as determined by the method of 
Leland and Foster (2), and (+) that the ealorigenie activity of a 
certain dosage of thyroxine in the form of thyroid gland is nearly 
twice as great as the activity of the same dosage of pure racemic 
thyroxine, when both are administered orally. It was suggested 
that this difference may be due to the greater biological activity of 
the naturally occurring L-thyroxine. In this pauper experiments are 
presented which show that this is the case, and that the ealorigenie 
activity of a certain dosage of pure /-thyroxine is quantitatively 
equal to the aetivity of the same amount of thyroxine in the form 
of thyroid gland substance. 

EXPERIMENTAL 

Isolation of L-Thyrorine —1-Thyroxine was isolated from hog 
thyronds as follows: Approximately 9 kilos of fresh thyroid were 
minced, suspended in 20 liters of water, and heated to 90° by steam. 
\ large amount of fat rose to the surface and was skimmed off after 
cooling. ‘To the suspension of coagulated thyroid substance was 
added a solution of 100 gm. of Merck's pepsin, and, after being 
adjusted to pH 1.5 with hydrochloric acid, the whole was incubated 
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at 38° for 3 days, pH 1.5 being maintained by the addition of 
hydrochloric acid from time to time. The digest was then ad- 
justed to pH 5 with sodium hydroxide and filtered by gravity 
through coarse fluted filters! Filtrate A was saved. 

The material insoluble at pH 5 was washed with warm alcohol 
which removed most of the fatty material. The products so ob- 
tained from two such peptic digests of 9 kilos each were combined, 
suspended in 6 liters of water, mixed with 50 gm. of Fairchild’s 
trypsin, adjusted to pH 7.5 with sodium carbonate, and incubated 
at 38° for 30 hours, being kept at pH. 7.5. ‘The digest was acidified 
to pH 5 with acetic acid; the precipitate was collected by filtration 
and washed with water. 

The fraction insoluble at pH 5 was suspended in 1200 cc. of 
water and digested 24 hours at 38° and pH 7.5 with a glycerol 
extract of pig intestinal mucosa.? The digest was acidified to pH 
5 with acetic acid, and after about 20 hours the precipitate was 
collected by centrifugation. 

To complete the hydrolysis the acid-insoluble fraction was re- 
fluxed 10 hours with 20 times its weight of 2.“ sulfuric acid. The 
hydrolysate was adjusted to pH 5; the dark colored precipitate was 
collected and washed with water on the centrifuge, and dissolved 
in 2 liters of water with the help of a few ec. of ammonium hydrox- 
ide. The solution was warmed to 60° and treated with a slight 
excess of warm barium hydroxide solution, which caused precipi- 
tation of most of the dark colored impurities. The solution was 
filtered quickly and the pale yellow filtrate acidified to pH 5 with 
acetic acid, which caused the separation of a light cream-colored 
precipitate. The msoluble barium compounds from the foregoing 
treatment were suspended in water, treated with a few ec. of 
ammonium hydroxide, and stirred with a slight exeess of sodium 
sulfate. The barium sulfate was filtered off; the filtrate was 
diluted to 2 liters, again treated with a slight exees= of barium 
hydroxide, filtered quickly, and acidified to pH 5, when a small 
second crop of insoluble substance was obtained. The two aeid- 
insoluble precipitates were combined and washed with water. 


iThe filtration was troublesome because of the large amount of fat 
still present. It would undoubtedly have been better to have started the 
digestion with defatted material! 

? Kindly given to us by Professor Max Bergmann 
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Further purification was effected (as was done by Harington (3)) 
by crystallization of the monosodium salt, for which purpose the 
material was warmed with 0.5 per cent sodium carbonate solution, 
the insoluble impurities were separated by centrifuging, and on 
cooling in the ice box the salt of thyroxine separated in erystalline 
form. Crystallization in this manner was repeated (three times) 
until the substance was pure white, whereupon it was dissolved in 
80 per cent aleohol containing sodium hydroxide and acidified with 
acetic acid, which caused the separation of the free acid in pure 
form. 

The yield of pure thyroxine was 104 mg., only a small fraction of 
the total amount of thyroxine one would expect to be present in 18 
kilos (wet weight) of average hog glands. 

The polariscopic examination was made with a high grade 
Schmidt and Haensch half shadow polarimeter; the light source 
was an cleetrie sodium vapor lamp. 

100 mg. of substance dissolved in 3 ce. of a solution composed of 
244 gm. of 0.5 \ sodium hydroxide and 56 gm. of absolute aleohol; 
tube length, 1 dm. 

Ten readings on the solution vielded a mean value of —0.178°, 
with an average deviation of +0.013°. Six readings with an 
empty tube gave a mean of —0.031°, with an average deviation of 
+0.005°. Hence the observed rotation was —0.147°; whence 
la], = —4.4". 

The specific rotation of our material is slightly greater than that 
observed by Harington and Salter (4) who reported —3.8° both 
for the material obtained by resolution of synthetic thyroxine and 
for thyroxine isolated from the thyroid gland. The difference 
between our specific rotation and that of Harington and his col- 
laborators may be even slightly greater, because Harington used 
the mereury green light, which commonly gives somewhat higher 
values than does sodium light. 

Whether the difference between our rotation and that of Haring- 
ton is significant is uncertain, because the observed rotations were 
small and the errors consequently large. 

The substance was recovered after polariscopic examination and 
analyzed for iodine and nitrogen. 


Analysis ONL. Caleulated. N 1 S80, 165.4 
Found. “18° @.1,¢.6 
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This specimen was used for the bioassays reported here. 

A second preparation obtained in the same manner, exeept that 
the starting material was 2.2 kilos of commercial desiccated and 
defatted thyroid powder, yielded 28 mg. of analytically pure 
thyroxine. The mean observed rotation was —0.055° for a 0.93 
per cent solution ina l dm. tube? Analysis showed 65.0 per cent 
iodine. 


Note on Thyroxine Content of Acid-Soluble Fraction afler Peptic 
Dige ation 


It has been assumed by some investigators (cf. Salter and 
Pearson (5)) that the acid-soluble fraction after peptie digestion 
of thyroid protein is free from thyroxine. This is far from being 
the case. Very large losses of thyroxine resulted in the isolation 
described above from discarding the acid-soluble fractions after 
each step in the hydrolysis. Filtrates A from the two peptie 
digests deseribed above contained 2.14 and 2.70 gm. of total iodine 
(approximately half of the total iodine in the thyroid material 
used). Of this 0.170 and 0.155 gm. (6.4 and 3.7 per cent re- 
spectively) were present as thyroxine as determined by the method 
of Leland and Foster. 

Some experiments performed on one of these peptie digest fil- 
trates are of interest in connection with the recent peapeer al Salter 
and Pearson (5), and are briefly reported here. 

A portion of Filtrate A which contained 5.7 per cent of its iodine 
in the form of thyroxine was boiled for 5 minutes to inactivate any 
remaining pepsin and was then concentrated under reduced pres- 
sure to one-tenth of its volume. An aliquot of the concentrate 
was mixed with pepsin and incubated at pH 1.5 for 24 hours. It 
was then diluted with water to its original volume and adjusted to 
pH 5 with sodium hydroxide. A precipitate separated which when 
washed and dried was found to contain 0.2M4 per cent total todine, 
of which 15 per cent was in the form of thyroxine. This confirms 
the observation of Salter and Pearson. However, we cannot ae- 
cept the interpretation of these investigators, who neglected the 
presence of thyroxine in their filtrates and suggested that the 

* The corresponding specific rotation is —5.0°, but, since the observed 


rotation is so small, the measurement has scarcely more than qualitative 


significance. 
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pepsin added to the concentrates caused the synthesis of thyroxine 
or some closely related (and presumably, active) substance. We 
have found that a similar partially selective precipitation of the 
thyroxine-containing peptides is obtained in the absence of pepsin 
when egg albumin is used in its place. The denatured egg albumin 
precipitates at pH 5 and apparently carries down somewhat selec- 
tively the thyroxine-containing peptides. The precipitate con- 
tained 0.20 per cent total iodine, of which 18.5 per cent was in the 
form of thyroxine 

Pepsin which had been boiled 5 minutes gave a product having 
0.16 per cent total iodine, of whieh 15.5 per cent was as thyroxine. 

The peptie digest filtrate obtained at pH 5 if acidified more 
strongly (to about pH 3) yields a precipitate of protein material 
with relatively high phosphorus content (2.6 per cent), which 
probably represents a salt of peptone and nucleic acid. This 
precipitate was found to have 0.42 per cent total iodine with 21 
per cent of it as thyroxine. It appears, therefore, that a protein 
precipitate forming in such a solution carries down with it some- 
what selectively the thyroxine-containing peptides which ob- 
viously are not completely removed from a peptic digest at pH 5. 

No attempt was made to isolate thyroxine from the acid-soluble 
products of peptie digestion. However, in the second preparation 
of thyroxine, from the commercial thyroid powder, the material 
soluble at pH 5 after tryptic digestion yielded 33 mg. of pure L- 
thyroxine after the hydrolysis was completed by boiling with acid, 
clearing with barium hydroxide, and purifying through the mono- 
sodium salt, as deseribed above. This is actually more than was 
obtained from what was regarded as the main thyroxine fraction. 
However, yields in these preparations have no quantitative 
significance. 

Biological: Assays The biological assays were based on the 
measurement of consumption of guines pigs according to 
the method of Krogh and Lindberg (6). 

Two groups of seven guinea pigs each received subcutaneously 
the sodium salt of -thyroxine every other day over a period of 14 
days. Daily determinations of the increase over the normal 
oxygen consumption were made. Details of the routine have been 


deseribed previously (1). 
Great care was taken to prevent the racemization of the L 
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Eff cls of Administration 1-Th yrorine, dl-Th and Th yrond (land 


Preparation 


l-Thyroxine, 
Group 1, 7 ani- 
mals 


!-Thyroxine, 
Group 2, 7 ani- 
mals 


dl-Tyroxine, 
animals 


Burroughs Well- 
come commer- 
cial thyroid pre- 
paration as stan- 
dard, 6 animals 


dl-Thyroxine, 6 
animals 


* Administered every other day for 14 days. 
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lo Guinea Pige 
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thyroxine... Samples of approximately 15 mg. were weighed into 
sterile beakers, dissolved in 4 drops of sterile O.1 NS sodium hy- 
droxide, and made up to volume with sterile distilled water. The 
standard dose, 0.262 mg. of thyroxine iodine per sq. m., ina volume 
of approximately 1 ce. was injected immediately without heating. 
Fresh solutions were prepared for each of the seven injections re- 
ceived by the animals. 

For an exact comparison with /-thyroxine, equal doses of pure 
racemic thyroxine wereadministered in an identical manner to a 
group of pigs. 


Consumpion % 


Incrtase int O, 
c 


i 
l-thvroxine and bw 


The results of these experiments are shown in Table Land Fig. 1. 

Composite Curves Land 2 of Fig. 1 show the results obtaimed 
with -thyroxine. kach pomt was determined by averaging the 
Increase In OX¥gen consumption over the normal of the seven 
animals of the group. For comparison of different curves a mean 
value was obtained by averaging the last 3 davs of the 14 day 
period. This was regarded as the full effeet of the dose. As 
shown in Table I, the mean value of the last 3 days of Group 1 of 
animals receiving -thyvroxine was 40.5 per cent, while that of 
Group 2 was 37.6 per cent, which is within the limit of error of this 
method 
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The results obtained when racemic thyroxine was injected under 
identical conditions (Fig. 1, Curve 3) are markedly lower over the 
entire 14 day period. The mean of the last 3 days of the group was 
only 23.1 per cent as compared with 37.6 and 40.3 per cent ob- 
tained with /-thyroxine. From this it appears that the / form is 
much more active than the d form. | 

For comparison of our assays of l-thyroxine with our previous 
studies (1) of racemic thyroxine and of thyroid gland, some data 
previously published are presented again in Fig. 2 and in Table 1. 


Q262m Thi " 
- Standard BW Dose per sy meter 
- 0.262m Ml - - - ~ 
S40}- 
CA \- 
Sal 
al. 


DAYS Arrows indicate Dosage 


Fic. 2. Comparison of the increases in oxygen consumption produced by 
the standard thyroid preparation (Burroughs Welleome) and by dl- 
thyroxine. Th./ = thyroxine iodine; T./ = total iodine 


‘Two composite curves are shown in Fig. 2, each curve the mean of 
a group of sixanimals. The upper curve shows the effect observed 
when Burroughs Wellcome thyroid powder, used as a standard, 
was administered by mouth, A 35.3 per cent ierease over the 
normal oxygen consumption was found when the results of the last 
3 days were averaged. The results shown in the lower curve (Fig. 
2) were obtained when an amount of the sodium salt of racemic 
thyroxine equivalent to the thyroxine content of the standard (as 
determined by the method of Leland and Foster) was administered 
ina similar manner, The mean of the last 3 dave of the group in 
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this case was only 17.9 per cent. It should be noted (Table I) 
that one of the six animals ineluded in the group was relatively 
insensitive to the dose, which tended to lower the group mean. 
The average of the remaining five animals was 19.8 per cent. Ap- 
proximately 50 per cent only of the increase in oxygen consumption 
which was obtained with the standard thyroid powder was ob- 
served with racemic thyroxine. Subcutaneous injection of the 
same dose over a second 14 day period failed to raise the figure 
significantly. 
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bia. 3. Comparison of the increases in oxygen consumption produced by 
the standard thyroid preparation (Burroughs Welleome) and by /-thyroxine 
@ thyroxine iodine; = total iodine 


big. 3 shows the two /-thyroxine curves together with that of 
the standard thyroid substance of Fig. 2 in equi-thyroxine loses. 
Throughout the entire 14 day period the three curves follow one 
another so closely that the response must be considered the same 
for all three within the limits of error of the method. The con- 
clusion may safely be drawn that the calorigenic activity of pure 
thyroxine is fully equivalent to that of an equi-thyroxine dose of 
thyroid gland, provided the thyroxine is administered as the 
naturally occurring isomer, 
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Qur data permit some comment on the question of the relative 
aetivities of and thyroxine. As shown in Fig. 3, the calorigenie 
aetivity of a certain parenteral dose of thyroxine (0.262 mg. of 
thyroxine jodine per sq.m. every 2nd day) is fully equal to that of 
the same amount of thyroxine in the form of thyromd substance 
given by mouth. bxaectly the same dose of d/-thyroxine (Curve 
3, Fig. 1, this paper) had the same calorigenie effect as was reported 
previously Table 1) for one-half that dosage mg. 
per sq.m. every 2nd day) of thyroxine iodine as thyroid. The 
mean mereases of above the normal periods 
were 23 per cent for the dosage of 0.262 mg. of thyroxine rodine as 
dl-thyroxine and 22 per cent for 0.131 mg. of thyroxine iodine as 
thyroid substance (11) Table It thus appears that the ealor- 
genie activity of d/i-thyroxine is asenbable, within the rather wide 
limits of aceuracy of our method, solely tothe / The 
observation by Gaddum (7) of some activity in d-thwroxine may 
perhaps be attributed te Incomplete resolution in lis sample, Which 
| appreciably lower rotation than that of the 
natural product used in our experiments 

Salter, Lerman, and Means (S) administering the same prep- 
arations as hy to denis futled to find 
difference between the two forne 


l Thyroxine = was tolated trom thyroid glands 
and its ealorigenic activity compared with that of pure d/-thyvroxine 
and equi-thyroxine doses of thyroid substance 

pigs Approximate ly twiee as great as that of racenue thy- 
roxine. 

3. The itv of a certam dosage thyroid gland 
is quantitatively accounted for by the -thyroxine which it contains 

1. The acid-soluble fraction of a peptic digest of thyroid pro- 
tein contains an appreciible Amount of thyroxine, presumably 
still in peptide linkage From such a solution, the thyroxine- 
contaming peptides are somewhat selectively carried down on 
Various protein precipitates which may be eaused to form in the 
solution. 
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THE ULTRAVIOLET ABSORPTION SPECTRUM CURVE OF 
PHTHIOCOL, A PIGMENT OF THE HUMAN 
TUBERCLE BACILLUS 


iy VE CROWE 


health. 
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Phthioeol a pigment whieh Anderson and Newnan (1) have 
Isolated in the form of vellow prismatic crystals from the acetone- 
soluble tat of the human tubercle Strain H-37, grown on 
the Long svothetie medmimn. The composition of the pigment 
corresponds te the formula Cy ane at bias been identified by 
\ielersonm amd Newman (2) as .4-naphitho- 
quinene. Sinee the pigment is present m very small amounts in 
the method was developed bw which it could be pro- 
duced svithetireally tor experimental studv: the <wathetie product 
is wath thee (3) \ study of the phivst 
eal charactertsties of the pigment is of mterest. Dhéré (4) has 
already st of the thioreseemee: this paper presents 
the ultraviolet absorption speetrum: curve, in the range 4550 to 
of a sample of the swothetic phthiocol whieh Dr Ander- 
son Very kindly supplied. The ervstals of svithetie phthiocol 
moordinarvy white light and om pelarzed light are ilustrated 
Text-fig. 

The quantitative ultraviolet absorption speetrim curve is shown 
The logartthon of the molecular extimetion 
efferent ¢ Led) low 2), where «is the concentration, the 
depth of the cell 7, the intensity of the imeident light, ane 
the intensity of the emergent beam, i plotted agamest the wave- 
length on Angstrom units. The wave numbers in-em. are alse 
on the abscissa 

The regions where selective absorption ts indicated are a shallow 
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band, between A 4000 and 3700 with the at 
A3S50 A. where log is 3.15: 4 band at about ASS4O log 
3.44, minimum at \3040 log 3.15; and two sharp bands in the 
A3000 to 2200 A. region with maxima at about AZTSO low 
4.21, and at A2DOO log 4.31, and with minima at A 2050 and 
2270 A., where log values are 4.00 and 3.84 respectively. 

A seres of qualitative spectrograms (higs. Land 2) were 
with a Hilger No. k-316 quartz spectrograph by varving the cell 
depths and the concentrations to mndieate the regions of selective 


TRS iG. Photomicrographs af cry of svothe ti polit 7) 
The left-hand section shows ervstals ith ordinary 
white light: the other two photographs in polarized light 


absorption near A 3850, 3340, 2780, and 2500 The solvent used 
was 95 per cent aleohol, 

In an attempt to determine the role plaved hy thee clifferent prarts 
of the phthiocol molecule in its ultraviolet absorption, considera- 
tion was given to 4-naphthoquinone and to substances whieh 
differ from phithioeal only in that the methyl and the 
groups are omitted. The ultraviolet: absorption was determined 
fora 95 per cent aleoholic solution of 4d-naphthoquinone 
man), the only one of these substanees available. The log ¢ values 
are Incheated by the erosses in Text-fig. 3 in which the curve for 
.4-naphtho quinone is plotted with that for phithioeol for eom- 
parison, 
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The maximum for the band at \ 3340 A. occurs at the same wave- 
length as one of the bands in the curve for phthioeol and the log 
«values at this wave-length are the same, 3.44 for both substances. 
Therefore, the absorbing entity responsible for this band is present 
in both 1 .4-naphthoquinone and phthiocol. The maximum of the 
band is not displaced nor is the value of the molecular extinction 
coeficient at this point changed by the substitution of hydroxyl 
and methyl groups in the 1.4-napthoquinone, in positions (2) and 
(3) respectively. 
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Texr-Fic. 2. The ultraviolet absorption spectrum curve of synthetic 
phthiocol in % per cent aleohol. 


Morton, Hassan, and Calloway (5), in a study of the absorption 
spectra in relation to the constitution of keto-enols, have shown 
that there are three bands in the ultraviolet range which are as- 
sociated with the CgsHyCO group. One of these, of low intensity, 
occurs near 310 to 320 mu and is due to the carbonyl group, 


C=), while that at A 280 mu is due to the CeO group influenced 
by the phenyl group, CeH,—C <O. That at \ 242 my is due to 


the phenyl group influenced by earbonyl; that is, CgHs—C=0. 
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The selective al sorption noted the curves for in Text. 
fig. 3 and for other naphthoquinones ocecurs close to their ranges, 
A probable correlation between the bands for the naphthoquinones 
and the maxima observed by Morton, Hassan, and Calloway to be 
characteristic of the CgH,CO group has been suggested by Mae- 
beth, Price, and Winzer (6). It is possible that the selective 
absorption observed for phthiecol is due to the same absorbing 
mechanism which is present in the naphthoquinone but modified 
by other portions of the phthiocol molecule. 


Loe € 


ANGSTROWS 4000 | sooo | Sapo sooo | 
20000 


25000 30000 40000 


#AVE NUMBER, owe! 30000 40000 


PHTHIOCOL |, 4-NAPHTHOGUINONE! 
1, 4 -NAPHTHOOYU NONE 

2-METHYL 4-NAPHTHOGY | NONE 

, 4-NAPHTHOOY | NONE 


moose 


The absorption observed in the 33400 region for phi thecal 
and for 1. 4-naphthoquinone occurs in many of the spectra of the 
quinones. \lorton and his colleagues have pointed out that ab- 
sorption bamdsin the ranges A320 to 308, 200 to 280, 250 to 240 is 
ure ol served many compote conmtaming the 


group but not the phenyl group: henes, the absorption must be in 
eithera C:C ora group. Tf the electron whieh is raised toa 
higher energy level forme puart the linkage, the molecular 
extinction coefficients are generally high, of the order of 10 to 
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10°, as they are in the ease of the naphthoquinones im the \ 330 my 
region. ‘Therefore it is probable that the absorption in this region 
is due to an absorption by the C:C linkage. 

After the work reported in this paper was undertaken, it was 
found that Macbeth, Price, and Winzor (6), in connection with a 
study of the coloring matters of the insectivorous plant Drosera 
whittakers, droserone and hydroxydroserone, had investigated the 
spectra of representative hydroxynaphthoquinones. The curves 
which are reproduced their paper for 1. 4-naphthoquinone, 
2-methvl-1 .4-naphthoquinone,  2-hydroxy-1 .4-naphthoquinone, 
and 5-hvdroxy-l .4-naphthoquinone (juglone) are designated im 
Text-fig. 3 as Curves D, and respeetively. The crosses 
represent log values obtained in this laboratory for 4-naphtho- 
quinone (Eastman). The general similarity in Curves B and C 
and the differences between Curve B and Curves D and EF are 
apparent 

The spectra investigated by Maehbeth, Prices, and Winzor show 
that the “introduction of hydroxyl groups in most cases modifies 
the absorption of 4-naphthaquinone and 2-methyvl-1:4-naphtha- 
quinone which may be regarded as typreal of the 1:4-structure.” 
A substituted methyl group in position (2) does not greatly alter 
the general contour of the absorption curve for 1 ,4-naphthe- 
quinone exeept in the A 2800 te 2400 region 


SUMMARY) 


The ultraviolet absorption curve for synthetic phthioeol is 
recorded. Consideration of this curve indicates that the same ab- 
sorbing mechanism which ix present in the naphthoquinones may 
be responsible for the seleetive absorption observed but modified 
by other portions of the phthioceol molecule methyl groups in the 
42800 to 2400 A. region, and the hwdroxyl groups 


I wish to thank Miss Amy Walker for valuable technical assist- 
tance throughout this study. 
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EXPLANATION OF PLATE 1 


Fic. 1. Ultraviolet absorption spectra of phthiocol at concentrations 
0. m and 0.00003905 Cell depth, 2.497 to 79.52 mum. 

Fig. 2. Ultraviolet absorption spectra of 1,4-naphthoquinone at concen- 
trations 0.0002404 w and 0.001202 Mm. Cell depth 2.497 to 79.52 mm. : 
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THE EFFECT OF ALTITUDE ON THE AFFINITY OF 
HEMOGLOBIN FOR OXYGEN* 


By F. G. HALL 


(From the Zoological Laboratory of Duke University, Durham, North 
Carolina) 


(Received for publication, May 28, 19346) 


When the human organism is subjected to a diminished partial 
pressure of oxygen, it rapidly begins to make various adjustments 
to its new environment. One of the most certain of these is an 
increase in the concentration of hemoglobin in the blood. This is 
probably attributable to various adjustments, some of which are 
of a temporary or emergency nature and others of a more perma- 
nent sort which persist as long as the individual remains under 
diminished oxygen pressure. Barcroft (1925) points out that the 
temporary adjustments probably include the abstraction of water 
from the blood, the contraction of the spleen, and the opening of 
capillary areas, while the more permanent sort includes an in- 
creased activity of a new equilibrium between the production and 
destruction of red blood cells. 

Of what value is this increase in hemoglobin concentration to 
an organism living in high altitudes? The first answer that comes 
to mind is that the oxygen reserve in the blood is increased. 
Another thought lurks in the background perhaps the new 
hemoglobin has a property different from the old. Perhaps its 
affinity for oxygen is greater, enabling the blood of the organism 
to leave the lungs with a greater oxygen saturation. 

The idea is not illogical, when consideration is given to numer- 


* The International High Altitude Expedition was supported in part 
by grants from: the Fatigue Laboratory, Harvard University, the Milton 
Fund for Research, Harvard University, Duke University, Columbia 
University, the National Research Council, the Royal Society (London), 
the Rask-Orsted Fund (Copenhagen), the Corn Industries Research Foun- 
dation, American Association for the Advancement of Science, the Josiah 
Macy, Jr., Foundation, and the various university departments concerned 
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ous observations made to show the variability. of hemoglobin, 
Hemoglobin produced in the fetus seems to have an affinity for 
oxygen unlike that of the blood of its mother (Bareroft ef al. 
1935). This Suggests a relationship bert Ween the partial pressure 
of oxygen and the affinitv of hemoglobin for oxvgen the fetal 
hemoglobin, which is habitually exposed to a lower O} pressure 
than the maternal, having a higher affnitv. Erinkman and 
Jonxis (O35) have shown that two probably 
exist simultaneously in the blood of adult human beings. In the 
developing chick where there ts a smaller supply of oxvgen, hemo- 
globin higher affinity for OAVECN than does 
of the adult fowl (Hall, 1935). Me ‘arthy (1023) has also shown 
that fetal and maternal hemoglobins differ. 

Consequently, it seemed desirable to make a study of the 
affinity of hemoglobin for oxygen in men who were going from 
low to high altitudes. There are three wits that such a problem 
might be studied: (1) determination of the oxygen dissociation 
eurve of whole blood as drawn from the subjeet by equilibrating 
such blood with approximate gas mixtures (this has been done 
and has been reported elsewhere (hvevs, Hall, and Barron, 1926) ); 
(2) purification and reerystallization of hemoglobin and subsequent 
study of its properties (such it procedure would bie extremely dlif- 
ficult if not impossible on a field expedition); (3) hemolysis of 
blood and dilution with appropriate buffers followed by spectro- 
SCOpIC examination for affinity ot hemoglobin lor ONVECT, 

The latter method has been found useful in’ other problenis 
(Hall, 1934, 1935) and it ts adaptable for work in the field. Its 
advantages are speed, a precise control of salt and hydrogen ton 
concentration, and portability of the apparatus. There are lime 
tations; low and high saturation are not as aeccurate lv determined 
as with the first two methods and the he moglolbin is not mm its 
natural physiological environment. 

Analyses were made as previously desernbed (Hall, 1935), but 
the apparatus was modified somewhat for field work.  Flash- 
light battenes and lights were used for illumination and spring 
phonograph motors tor rotating tonometers and stirring the bath. 
Alcohol lamps were used for heating the bath. The temperature 
of the bath was maintained at 37.0° 4 O.1° All dissociation 
eurves reported in this paper were made on hemoglobin in w 15 
phosphate buffer solutions at pH 6.8. 


G. Hall 487 


Stations Occupied, Pressure, and Elevations Recorded 


Carreeted 


Station of oecupa ney ba roe Altitude 
pressure 

Chuquicamata Apr. June 4 "43 Ss! 
Ollague June 5-13; June 2> Julw IS 40 3% 12.020 
Montt June 13-25 4 70 15,440 
Aucanquileha June 26 Julw hil 17 
Punta de Cerro June 2 July 140 

HbO> 

7O 4 

60Ff 

SOP 

Zor 

KEYS 
JOr © SEA LEVEL’ 
aM, 
@4.70 MM. 
AM. 
‘or 
mM. HG 


0 20 30 40 50 60 
Kia. 1. The oxvgen dissociation curve of hemoglobin (Rews) at different 
altitudes (37.0° and pH 6.8). 


There were ten members of the party of the International High 
Altitude Expedition. Samples of blood were taken for these 
experiments from all save one. A few analyses were made on 
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blood of residents who were living at 17,500 feet. The itinerary 
and general description of the expedition are given clsewhere 
Stations occupied, pressure, and elevations re- 
“lin Table I. Blood samples were drawn from 
subjects near the end of their stay at various altitudes. In the 
ease of Keys at Punta de Cerro blood was drawn on the 6th day 
and in the case of F. G. H. only 2 hours after arrival at the summit, 


(Keys, 1936). 
corded are liste 


90 T T 7 
% HbO> 
60} 
so} 
F.G.H. 
30 SEA LEVEL « 
2.8/ AM, 
20} @ 3.66 HM. + 
& AM. 
SO. 
O2 MM. HG 
20 JO 40 50 60 


Fic. 2. The oxygen dissociation curve of hemoglobin (F. CG. HL) at 


different altitudes (37.0 and pil is) 


Time did not permit determination of dissociation curves on 
every member of the expedition at every station. More analyses 


were made on the blood of hevs than on any other member. Re- 


sults of analyses on his blood at various altitudes are shown in 
big. 1 and it will be observed that no significant shift in the dis- 


sociation curve 


occurred, 


A similar set of experiments was per- 
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Showing Pos:tion of Oxygen Dissociation Curve of Members of Expedition and 
Native Miners at Various Altitudes 


Hemoglobin was equilibrated in a phosphate buffer solution (m/15) at 


pH 6S and 37.0 


method 


bexpedition 


rer) bers 


Resident 


Subs je 
Marron 
(Christensen 


Dhl! 


Kdwards 


Forbes 


all 


hey ~ 


Mebarland 


Talbott 


Aleaino 
Aleio 
Heredia 


Altitude capacity 
rol. per Cent 
2 SI 22.6 
18.2 
2 Sl 21.4 
Is 2 
2 Sl Is.4 
471 22.1 
21.3 
28] 22 

0 2.4 
281 22.8 
14 
22.0 
281 23.6 
24.6 
14 25.5 
0 | 18.6 
2 si 10.6 
4.71 23.1 
14 23.7 
21.6 
22.2 
20.8 
> 29.3 


Taste Ill 


and percentage saturation read by the spectroscopic 
Partial pressures of oxygen required for half saturation are given. 


pOh for Hb = 

mm. 
22.0 
23.8 
24.0 
23.0 
23.0 


Com par of Crygen Dissociation Curves of Dilute Solutions of Hh Obtained 
from Vembwers of Erp dition with Those of Residenta 


Party 


Residents. . 


Altitude 


km. 


at 
« Hb 


mm. He 
23.5 
2.0 


|| 
44.3 
25.2 
| 24.6 
24.0 
23.5 
23 
22.0 
1 0 
23.0 
22.3 
23.0 
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formed on F. G. H. with results as shown in Fig. 2. No signifi- 
cant shift in the position of the curve oecurred in this case either, 

A summary of all twenty-six curves is given in Table Il. The 
positions of the curves are indicated by the partial pressure of 
oxygen required to produce half saturation of the hemoglobin 
(2e., Hb = HbO.). Apparently, acclimatization to high altitude 
has little or no effect on the position of the oxygen dissociation 
curve of a dilute solution of hemoglobin in phosphate buffer at 
pH 6.8. 

The results with the dilute solutions of hemoglobin are not 
entirely harmony with those obtamed hy the direct analytical 
method on whole blood at constant pH. (lhhevs, Hall, and Barron, 
1936). In whole blood, the oxygen affinity of the hemoglobin at 
constant pH. decreased steadily at all stations above 9200 feet. 

When one compares oxygen dissociation curves of dilute solu- 
tions of hemoglobin obtamed from members ol the expedition ut 
high altitude with those of the residents (Table ITD), there appears 
to be small bout het Insignificant difference. Hemoglobin Tron 
residents seems to have less affinity for oxygen than that of so- 
journers. Unfortunately no observations were made on high 
altitude residents at sea level or on men of the same racial stock 
at sea level. Accordingly, there is a possttulitw that these «it- 
ferences are either racial or mdividual peculiarities 


No significant change it} the affinity ol 4 lor 
Wiis observed it of nine men with hange it} altitude 
sea level to 2O.000 feet. Hemoglobin in the 
nig aeclimatization to altitude does net appear te differ trom that 


produced ut sen vel, 


Bareroft, J The respirators funetion of the blood, (Cambridge, pt (12>). 

Barerott, J blliott, K i blexner, Hall, (; Herkel, 
(1045) 

Brinkman, R. and Jonxis, J. J. 86, 117 (105) 

Hall, F. G., J. 222 (1034); J. Elicha Mitchell Sc. Soc., 
(1055) 

Keys, A., Geog. Rev., in press (1936) 
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LIVER PROTEINS 


I. THE QUESTION OF PROTEIN STORAGE’ 
JAMES MURRAY LUCK 


recom live he al Laheratory, Stanford lniveraity, California) 
(Reeeived for tern, Nay 


lin the madst of his long and classical paper on glycogen Pfliger 
(2) remarked that observation of the livers of animals maintained 
upon high protein diets convinced him that the liver is an organ 
for the storage of protein as well as of glyeogen and fat. No 
experiments were cited, but it appears that Pfliger’s conclusion 
rested CUP observations of the excised liver and its rate 
of disintegration im het) potassium hydroxide. According to 
Seitz (3), a student of Piliger, no convincing experiments had ever 
been reported and it remained for Seitz to undertake the first 
sutisinetory investigation of the problem. He succeeded in 
showing that the maintenance of chickens and ducks upon high 
protein diets did indeed result in a marked enlargement of the 
liver and a substantial inerease in its nitrogen content. Even 
more convinemg was the work of Tiehmeneff (4) upon mice. 
Not content with nitrogen determinations alone, he showed that 
the proteins per se (tanme acid-preeipitable fraction) were greatly 
elevated. 

It ix evident that these observations, supported by older his- 
tologien! studies such as those of Afanassiew (5), were completely 
in harmony with the Pfliger-Voit theory of reserve or labile 
protein and indieated that the liver might properly be regarded 
as an important depot for such material, Without an attempt 
to refer to many pertinent studies on nitrogen balanee and changes 
in liver weight, the erueial problem which presents itself can be 
stated at the changes ith liver size protein content, 
associated with differing levels of protein intake, denote the exist- 


* A preliminary report of this investigation appeared in the Proceedings 
of the Fifteenth Internatronal Physiological Congress 
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ence of a fraction which differs chemically from the basal structural 
proteins of the organ —the “organized,” “tissue,” or protein 
of the early investigators? Or do these terms have a metabolic sig- 
nificance only? Is the deposition of liver protein under favorable 
metabolic conditions the result of a true hyperplasia or hyper- 
trophy in which all the proteins of the organ participate alike? 

The purpose of the present paper is to report the results of a 
number of experiments designed to answer these questions. It ean 
be said in advance that the evidence obtained under the conditions 
prevailing in this investigation demonstrates that all of the liver 
proteins participate in the function of storage. No single protein 
or fraction of the hepatie proteins can be regarded as reserve 
material in the sense of being chemically distinet from the basal 
structural proteins of the Organ. 


EAPELEIMENTAL 


Groups of rats were maintamed for periods of 2 weeks tiprern 
diets which differed w idely in protein content. The animals were 
then killed, the livers isolated, and the various tractions of proteins 
determined quantitatively. We considered at the outset that the 
deposition of a reserve fraction different in character from the basal 
structural proteins, which alone would be present in depleted 
livers, would be reflected by a disproportionately great mnerease in 
one of the fractions as we passed from the livers of low protein 
content of one group to those of high proten content of another, 
Conversely, if all of the hepatic proteins participate alike in the 
function of storage, and protein enrichment is the result, solely, 
of hyperplasia or hypertrophy, all of the fractions isolated in the 
course of analysis should increase by the same proportion 

The experimental procedures will now be considered in detail 

Diets and Animals —The animals used were white rats of both 
sexes, Varying in age from 4} to IS months, and maintained, until 
selected for these experiments, on an ordinary stock diet. 

To secure sufficient liver for analysis, three animals were em- 
ployed at a time in the low protein experiments and two or three 
in the high protein experiments. The two or three animals so 

'Cracked wheat 25, oatmeal 25, corn-meal 25, flaxseed meal 10, dried 


whole milk (Klim) 5, alfalfa meal 5, veast 5, bone meal 1.5, sodium chloride 
0.5, cod liver oil -with lettuce three times per week. 
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selected were always of the same sex, and were either litter mates 
or closely similar to each other in age and weight. Each group 
of two or three was maintained for 2 weeks on a diet of either high 
or low proteim content. The former consisted of casein 85 per 
cent, veast powder 5 per cent, alfalfa meal 5 per cent, salt mixture* 
o per cent; the latter of wheat starch and sucrose S5 per cent, 
veast powder 5 per cent, alfalfa meal 5 per cent, salt mixture’ 5 
per cent. A few drops of eod liver oil were given to each rat 
daily. Each of the forty-five animals on the high protein diet 
consumed, on the average, 11.6 gm. of the ration per day and 
increased in weight during the 2 week period from an average of 
254 and 198 gm. initially for males and females, respectively, to 
263 amd 209 gm., respectively, at the time of killing. The cor- 
responding figures for 62 animals on the low protem diets are 13.6 
gm. of food per day, initial weights of 274 and 200 gm. for males 
and females, respectively, and final weights of 232 and 177 gm., 
respectively. The loss of weight on the low protein diet ts, of 
course, the direet consequence of protein starvation which the 
diet was designed to accomplish. 

Removal of Liver Under ether anesthesia each animal was 
bled as quickly and completely as possible from the dorsal aorta 
by use of syringe and needle. In the experiments of Part C the 
vena cava Was then eut and a moment later, when the liver was 
nidged to be as free from blood as could be obtained without 
perfusion, the organ was excised and immersed in liquid air. 

In the eS i riments of Parts A and B perfusion with OSS per 
cent sodium chloride (containing potassium phosphate, 0.01 
and of pH 7.4) was emploved to free the liver of residual blood. 
After bleeding from the dorsal aorta, the portal vein was exposed 
and isolated, the thorax quickly opened, and the vena cava cut 
above the diaphragm. Approximately 40 ce. of the perfusion fluid, 
heated to 38°, were then mjeeted into the portal vein and perfused 
through the liver with very gentle pressure. A broad gage needle 
was used and more than 3 or 4 minutes never elapsed between the 


Osborne and Mendels salt mixture was used (Osborne, T. B.. and 
Mendel, L. J. Brot. Chem., 16, 311 (1914)). 

’ The values for food consumption are drawn from a parallel and strictly 
comparable experiment on rats in whieh the food intake, per group of 
four, was determined daily 
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commencement of bleeding and the end of the perfusion. In most 
eases the perfusion was entirely successful and the liver on ex- 
cision Was uniformly pale brown in color. In possibly one-fifth 
of the animals the residual blood could not be removed = satis- 
factorily. Blotehed areas, sometimes of considerable size, and 
occupying much of the peripheral portions of the lobes indicated 
failure of the fluid to penetrate. These livers were invariably 
rejected. To provide for such a contingency the groups of animals 
used in most of the low protem periusion experiments were ene 
larged from three members to four, }™ rmitting an oceasional liver 
to be discarded without oceasioning the analytical uncertainties 
that arose when only two small livers were available for analysis. 
Although a number of fractionations were made on only 9 or 10 
gm. of liver we considered 15 to 25 gm. to be a more desirable 
quantity. 

The livers, on removal, were found to be quite flaccid and gave 
no evidence of engorgement with perfusion fluid. leach liver was 
quickly sponged on filter paper, immersed in liquid air, powdered 
by mortar and pestle, and weighed. The liver powders thus 
obtained from the three members of a group were combined and 
the protein fractionation commenced. 

Fractionation of Proteins Since we propose to discuss the prob- 
lem of fractionation of the liver proteins in another paper, it wall 
be sufficient, for the present puUITpOse, to desenbe briefly the pro- 
cedure which was finally adopted and to comment on only n few 
of the most significant points. 

The frozen liver powder Was Washed into a evirnder' contained im 
an ice bath with cold 5 per cent sodium chloride. 10 ce. of the 
salt solution were used for every gm. of liver powder. The sus- 
pension was adjusted to approximately pH 5.0 by the addition 
of dilute acetic acid and use of a spot plate with methyl red or 
brom-cresol green as an external indreator It was then placed 
in a cold room at 003° and stirred mechanically for hour. The 


If it larg « entrifuge with « of 2) or capacits is avasl- 
able, the use of such cups instead of a eviinder is recommended In recent 
work we have beer carrving out irae anal “ne 
find that direct extraction in the centrifuge cups not only saves time but 
avoids such errors as are due to transfer of matertal from one preee of ap- 


paratus to another 
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mixture was centrifuged and the centrifugate containing the salt- 
soluble material was transferred to an ice bath and kept at 0-3°, 
while the residue underwent a second extraction. For this pur- 
pose the residue was refrozen with liquid air, again powdered, and 
mixed with cold 5 per cent sodium chloride until the final volume 
was two-thirds of that which was obtained in the first extraction. 
The pH was again adjusted to 5.0, the mixture stirred for 1 hour 
at O-3°, and then centrifuged. This second centrifugate was 
combined with the first portion, mixed, and the total volume 
recorded. 

Portions of 5 ce. and 10 ce. were removed for nitrogen deter- 
minations. The values so obtained will be referred to as salt- 
soluble nitrogen. 

The remainder of the salt-soluble fraction was transferred to a 
viscose tube,’ covered with a laver of toluene, immersed in cold 
distilled water in a deep eylinder, and dialyzed for 4 days against 
running distilled water at 0 3°. The rate of flow was so adjusted 
that approximately 15 liters of water were used daily. 

Meanwhile, the liver residue remaining after the two extractions 
with sodium chloride was twice extracted with cold 0.25 per cent 
~odium hydroxide. The volumes of sodium hydroxide used were 
the same as the volumes of sodium chloride employed in the initial 
extractions. In each case the mixture was stirred continuously 
for 1 hour at 0 3° and the centrifugates combined and measured. 
There was no intermediate freezing with liquid air. Of the com- 
bined extract, referred to as the alkali-soluble fraction, 5 and 10 
ee. portions were removed for nitrogen determinations. The 
remainder was adjusted to pH 4.5 to 5.0 by the addition of dilute 
acetic acid and permitted to stand overnight at 03° for complete 
precipitation of the alkali-soluble protein (Globulin ID). 

Here it might be mentioned that isolation of the liver, extraction 
with sodium chloride and sodium hydroxide, commencement of 
dialysis of the salt-soluble fraction, and precipitation of Globulin 
Il should all be done on the same day. Occasionally, though 
rarely, we have been obliged to delay the extraction with alkali 
until the 2nd day. There was no evident change in the proteins 
contained within the residue as a result of standing overnight but, 


Visking Corporation, Chicago. 
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having had occasion to observe rather marked proteolytic activity 
in liver preparations, even at 0°, we endeavored to minimize delay 
in the initial stages of fractionation. 

On the 2nd day the copious precipitate of Globulin IL was cen- 
trifuged off and the nitrogen content of the centrifugate deter- 
mined by analysis of an aliquot portion. This fraction we shall 
refer to as the Globulin II filtrate nitrogen.* 

The residue, always quite small, which remained after the two 
alkali extractions was immersed in 1 per cent acetic acid, cen- 
trifuged off on the following day, dried out under aleohol by the 
same procedure which is described for Globulin I1,* and weighed. 
We shall refer to it as the final residue. 

In many of the introductory experiments we followed up the 
alkali extraction with a single extraction with 2 per cent hydro- 
chlorie acid but the amount of nitrogenous material that went into 
solution was so small that it seemed justifiable to abandon the 
acid extraction. 

To return to the salt-soluble fraction, the dialysis was continued 
for 4 davs, although even by the end of the 2nd day inspection 
of the fraction seemed to suggest that separation of the euglobulin 
was virtually complete. The contents of the tube were then cen- 
trifuged and aliquot portions of the centrifugate were removed 
for nitrogen determinations. This fraction was designated as the 
pseudoglobulin-albumin fraction. The euglobulin was redissolved 
in 5 per cent sodium chloride and redialyzed for 24 hours against 
running distilled water at 0-3° and then dried under aleohol by 
the same procedure adopted for the Globulin IL. After the final 
desiccation at 105° the material was cooled and weighed. 


* Hitherto in all experiments we have collected, reprecipitated, dried, 
and weighed the Globulin II fraction. Our object in so doing was to ac- 
cumulate a sufficient quantity for chemical analysis and also to obtain a 
gravimetric check upon the values for the Globulin II content as calculated 
from the nitrogen determinations before and after precipitation. It should 
be pointed out that direct drving of Globulin I] is not possible since it 
shrinks to a hard dense mass and even after a week at 105° does not attain 
a constant weight. We have found it convenient to dry out the reprecipi- 
tated material, still in the centrifuge tube, by means of 05 per cent aleohol 
The mixture is frequently stirred and the alcohol centrifuged off and re- 
placed daily for 4 or 5 days. It is now filtered, washed with aleohol and 
ether, and dried overnight at 105°. A light fluffy powder is obtained. It 
dries quickly and is not hygroscopic. 
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From the pseudoglobulin-albumin fraction, the pseudoglobulin 
was precipitated by the addition of anhydrous sodium sulfate to a 
final concentration of 1.5 M. After being maintained for 1 hour 
at 38° the mixture was filtered and the precipitate washed with a 
few ec. of 1.5 ™ sodium sulfate.’ 

‘com the albumin fraction, obtained on filtering off the salted- 
out pseudoglobulin, an aliquot portion was removed for a nitrogen 
determination and the albumin contained within the bulk of the 
solution was removed by heat coagulation and filtration? <A 
final nitrogen determination Was run upon the albumin-free filtrate. 

The procedure outlined above yielded five fractions, Globulin 
I, euglobulin, pseudoglobulin, albumin, and final residue, of which 
the first two were the most abundant. At first we were disposed 
to regard Globulin IL as a nucleoprotein® by virtue of its solubility 
in dilute sodium hydroxide and complete precipitation on acidifiea- 
tion. However, it cannot be the same as the highly colored, 
hygroscopic, preparations of so called nucleoprotein, obtainable in 
relatively small quantities by acetic acid precipitation of hot water 
extracts and deseribed as liver nucleoprotein, ferratin, or hepatin 
by various investigators (Zaleski (6), Sehmiedeberg (7), Vay (8), 
Wohlgemuth (9), Seaffidi (10), Salkowski (11)). Nor does it 
seem to be quite the same as Halliburton’s nucleoalbumin (12), of 
which littl was reported present in liver. Its relatively low 
phosphorus content (0.6 per cent) also distinguishes it from the 
liver nucleoprotein (0.96 to 1.67 per cent phosphorus) prepared 
in the eold by the method of Plész (13) modified in minor respects 
by Zaleski (6), Halliburton (12), Woltering (14), Spitzer (15), and 
Seaffidi (10). In a later paper we shall present evidence bearing 

7 In most cases we collected the pseudoglobulin and albumin for the 
purpose of subsequent chemical analysis. The former, together with the 
filter paper to which it adhered, was permitted to stand overnight in cold 
dilute salt solution. The paper was then removed and the pseudoglobulin 
coagulated by boiling. The coagulum was filtered off and washed with 
water, aleohol, and ether and dried at 106°. Likewise, the heat-coagulated 
albumin was washed with aleohol and ether and dried at 105°. We regularly 
weighed the fractions so obtained and found that the gravimetric values 
for albumin checked well with the values estimated from the nitrogen 
determinations before and after coagulation. Our gravimetric pseudo- 
globulin values were always much too low, but the character of the precipi- 
tate, its small quantity, and the tenacity with which it clung to the filter 
paper occasioned much loss. 

* It is so described in our preliminary paper (1). 
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on the relationship between pH and solubility, which indicates 
that this protein may be properly classed among the globulins. 

As for the euglobulin, pseudoglobulin, and albumin, we mention 
these by name in the present paper as though they were cistinet 
chemical entities of definite and characteristic composition and 
properties, but this is only because of expediency and convenience. 
In actual fact we prefer to regard these substances as fractions and 
not as individual proteins. Certainly we have little reason for 
believing that euglobulin obtained by dialysis of the salt-soluble 
fraction would be identical with euglobulin obtamed by salting- 
out. Indeed, the animal globulins, generally, show such a marked 
tendency to undergo dissociation (16) and reaggregation, that it ts 
perhaps futile to regard euglobulin and pseudoglobulin as anything 
but products of variable composition arming from a single pre- 
cursor. 

It is nevertheless true that much significance of phystological 
import can be attached to these tractions, provided that a single 
method of fractionation, necessarily empirical but designed to give 
the very minimum of uncontrolled variables, is scrupulousiv ad- 
hered to from experiment to experiment. 

For the purposes of quantitative analysis we have attached 
greater weight to the values obtained by calculation trom the 
nitrogen determinations than to those obtaimed by direet weaghing. 
Inspection of the method outlined above shows that one is obliged 
to resort to weighing for determination of the euglobulin and final 
residue but the nitrogen values alone would be suffierent for 
Globulin [1, pseudoglobulin, and albumin. Thus the Globulin I 
content can in all cases be caleulated from the difference between 
the alkali-soluble nitrogen and the Globulin UD filtrate oitrogen: 
the pseudoglobulin values may be caleulated by difference from 
the nitrogen determinations on the 
fraction and the albumin fraction; albumin may likewise be cal- 
culated from the nitrogen determinations on the albumin fraction 
and the albumin-free filtrate. Nevertheless the values obtamed 
by gravimetry provided valuable checks upon the results obtamed 
by calculation from the nitrogen determinations.” It might be 


*Our object in resorting to bulk precipitation of Globulin IL, pseude- 
globulin, and albumin was net, primarily, tw provide gravimetric checks 
upon the values caleulated from the nitrogen determinations, but te pre 
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mentioned that the Globulin Il and albumin values obtained by 
the two methods were in good agreement, despite the opportunities 
for loss attendant on resolution and reprecipitation of Globulin 
Il. The gravimetric pseudoglobulin values were always much too 
low but the character of the precipitate, its small quantity, and the 
tenacity with whieh it clung to the filter paper, occasioned much 
loss. We had no check upon the euglobulin values, since the salt- 
soluble fraction prior to dialysis contained much non-proteim 
nitrogen which was absent from the pseudoglobulin-albumin 
fraction. 

Before presenting the results of these experiments two remaining 
points of considerable importance must be touched upon. One ts 
the desirability of using blood-free livers. The quantity of blood 
remaining in the liver after thorough bleeding from a large artery 
does not seem to have been investigated but it is probably not 
inconsiderable and may vary greatly from animal to animal. 
Such blood is rich in proteins and it is evident that the quanti- 
tative significance of liver analyses would be vitiated if appreciable 
(and Variable) quantities of blood were present. A number of the 
early investigators attempted to wash out the residual blood but 
Grund (17) appears to be the first to have fully appreciated the 
nemd of using the blood-free organ. 

After the completion of many experiments (Parts A and B) it was 
suggested to us that the semipermeability of the liver capillaries 
might break down during the death of the animal, and the sub- 
sequent perfusion, however rape and gentle, might cause a Wash- 
ing out of the more diffusible liver proteins (albumin). That this 
does not happen is demonstrated by the careful work of Grund 
(17), who analyzed fractions of the perfusate. Nevertheless we 
thought it best to run a final group of experiments upon animals 
which were thoroughly bled from the dorsal aorta and vena cava 
but in whieh the liver was not perfused. These results are pre- 
sented in Part C and will be diseussed later in this paper. 

Finally we have become convinced that it is essential to carry 
out organ protem fractionations at a temperature as near to 
0° as is feasible. The liver, above all, is very rich in proteolytic 
enzymes, and the globulins seem to be of unusual instability. 


vide quantities of these fractions suitable for later examination with respect 
to nitrogen, phosphorus, sulfur, and amine acids 


i 
| 
#4 
j 


500 Liver Proteins. I! 


Thus far we have found no effective method of inhibiting proteoly- 
sis and protein denaturation except by low temperature tractiona- 
tion. Even at 0-3° proteolysis is not reduced to a negligible level, 
Since the role of proteolysis and the possibility of preventing it by 
the addition of inhibitors will be discussed in a later paper, we 
shall not mention it further at the present time. 

In commencing the experiments recorded here we attempted, in 
the interests of simplicity, to work at room temperature. The 
results obtained were not without significance and are presented 
briefly in Part A which follows. 


Results 
Part A. Preliminary 


Five experiments were conducted upon male rats of which one 
group was maintained upon the stock ration until the time of 
killing, two groups upon the low protein diet, and two upon the 
high protein diet. The fractionations were conducted at room 
temperature. For extraction of the salt-soluble proteins we used 
5 per cent sodium chloride containing 0.2 mM dipotassium hydrogen 
phosphate and 0.01 per cent mercuric chloride. The latter was 
added to inhibit proteolytic activity. The pH of the mixture, 
during extraction, approximated 7.6. 

In contrast with subsequent results neither pseudoglobulin nor 
albumin was obtainable. Both were lacking or present in the 
merest traces. Even after 4 days dialysis the pH of the salt- 
soluble fraction out of which the euglobulin had settled was almost 
7. Euglobulin was shghtly more abundant than in subsequent 
experiments but settled down in the dialysis tubes in two distinet 
layers. This suggested gross contamination with a second frac- 
tion. On acidification to pH 4.5 to 5.0, the pseudoglobulin- 
albumin fraction deposited a rather voluminous precipitate, which 
for convenience we shall designate Fraction NX. 

In the next two experiments both phosphate and mercuric 
chloride were omitted from the salt solution used in extraction. 
The pseudoglobulin-albumin fractions were now almost neutral 
to methyl red and on a further slight acidification with acetic acid 
there was no precipitation of Fraction X in one case and a slight 
precipitation in the other. Both pseudoglobulin and albumin 
were now obtained in quantities fully comparable with those 


vielded in subsequent experiments. 
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We interpreted the preceding experiments as follows: Extraction 
at pH 7.6 or the presence of mercuric chloride reduces the solu- 
bility of the pseudoglobulin and albumin or affects unfavorably 
their extraction from or their formation in the liver suspension. 
Some Globulin IL also passes into solution and comes out, In part 
with the euglobulin and in part as Fraction X on acidification to 
pH 4.5 to 5.0. Solubility experiments conducted at this pomt 
on Globulin IL showed that it was of minimum solubility in a 
broad range between pH 3 (or less) and 5.2. 

We therefore turned to sodium chloride alone as the extraction 
agent and adjusted the liver suspension to approximately pH 
5.0 at the commencement of extraction. It seemed to us that 
only by extraction at a pH within the minimum solubility range 
of Globulin IL could one obtain a salt-soluble fraction cleanly 


Tasie 


Distribution of Proteins in Mammalian Liver (Gm. of Protein per 
100 Gm. of Liver) 


Fractionation was carried out at room temperature. 


No.of | Globu- Euglob-| Peeudo-| Albu- | Final 


bemale Low protein Is 5.089 | 3.31 059 | 0.71 | 0.34 
“ High 2 | 7.92 | 4.28 | 1.38 | 1.85 | 0.77 

Male Low 2.98 | 0.94 | 0.77 0.52 
High “ | 10 | 7.65 | 4.45 | 1.41 | 1.50 


separated from Globulin Il. All later experiments have demon- 
strated that such is actually the case and we therefore adhere to 
this pH for the extraction.” It is evident, however, that other 
variables which are also dependent upon the hydrogen ion con- 
centration have to be taken into account; some of these will be 
discussed in a later report. L-xperiments were then carried out 
on twenty-two groups of rats: six groups of females on the high 
protein diet and six on the low protein diet; five groups of males 
on the high protein diet and five on the low protein diet. The 
results are summarized in Table I. Detailed findings are not 
presented for the reasons given in Part B. 

When these experiments were far advanced, we became more 
and more convinced that repetition at a temperature approaching 


” Urban (18) employed 0.225 m phosphate at pH 7. 
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0° was desirable. Completion of the experiments showed that the 
total protein for which we could account (Globulin IL + euglobu- 
lin + pseudoglobulin + albumin) did not exceed 15.4 gm. per 
100 gm. of liver (females on high protein diet) and it seemed to 
us that a somewhat higher value might reasonably be expected 
under conditions less favorable for autolysis. We realized that the 
globulins and albumins, subject as they were to 4 days dialysis at 


Il 
Fractional on Livers Perfusion Er perme nin 


The experiments were carned out on groups of three rats in each case 


(me. per Oem liver 


ae 
Oct. 17 Low protein 54 910 610 3 
21> 1896 56 1440 44 
Average 183 1610 25 293 24 


7 


Nov 216 219 21M) 120 «642 | 
Dec. 213 2h 85 1170 40 
Average JH 1s ¢2 2190 1220 42 393 300 108 


* Lost during dinlvsis 


room temperature, were especially apt undergo loss hy 
proteolysis. 

If we may now interpret the experiments in the light of those 
reported in Part Bowe can see that these apprehensions were 
justified. The Globulin ID values are substantially the same in 
both series but the globulin and albumin values are lower in 
Part A. There can be little doubt that the difference is due to 


autolysis. 
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| Nevertheless, the results in Part A are qualitatively akin to 
) those in Part B. Each of the four protein fractions shows a 
significant increase as we pass from livers of low protein content 
to those of high protein content. ‘The percentage increases for the 
respective fractions are not of the same magnitude but there is no 
indication that any one of the protems funetions alone as a storage 
protenn, 

Ill 

Protein Content of Livera Fractionated at 0 3 Perfascon Experimenta 


The experiments were carried out on groups of three rate in each case. 


(im per Oem hedy weaht (im per Oem. liver 

=e 

Now. 14 OOF ole 2 oo OO 

Dec. 13 010 0 O81 0 0288 472 527 O91 
Average oie om ocak aw 07 458 1.06 0 S86 
Oct. 24 High pretein 0 2) 0 2277 O TSS TIS 147 
Nov. 12% 025 0 080 7 7.47 1.57 1.2 
218 087 O Off 7 22 6 1 1 
Dec. o oof OOO] 7068 1a 
Average Oo 207 0088 O O17 7 1 1 


Lest curing 


Pant B 


Nine experiments were’ performed with five thre 
low diet and tour the high protem diet. The 
extractions, preeipitations of Globulin HL, and dialyses were all 
earried out at 0 3°, according to the procedure of fractionation 
described on p. 498. The results are presented in Tables I 
amd 


Diseussion of the results will be deferred until the experiments 


of Part C are presented. 
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As stated on p. 499 it was brought to our attention that 
perfusion of the liver might cause a washing out, not only of blood, 
but of the more diffusible liver proteins. We therefore undertook 
the experiments reported in Part Cin which perfusion was omitted. 


Part C 


experiments on ten groups of female rats (twenty-seven animals 
in all) were run under conditions identical with those prevailing 


IV 
Protein Content of Livers Fractionated at 0-3°. riusion 
(4m per gm iver 
No it \verage 
late ames weaeht of Cilobulin Preude- Albu- 
( aleu- ulin (‘slew Calewu- 
lated* la latexd® 

Jan. 9 2 Low protein i 6 7 61 | 22 1 

Mar. 20 3 7.1 | 3.37 1 57 
Apr. 17 2 442 ol 1 
tt $45 1 it 2 it} 
Average 3 70 Gl 31 
Jan. 16 High protein 57 tit) 176 
63 3 7 6 7 OS 7 7s 
Apr. 3 s 4 4.54 1 
2 7.1 » 42 7s 2 18 
Average s TRL 174 2. 


* Calculated from nitrogen values by use of the factor 6.25 


in Part B exeept that perfusion of the liver with saline was omitted. 
The animals were well bled from the dorsal aorta and vena eava 
The results are summarized in Table IV. For brevity we shall 
omit all but the most pertinent portions of the data. 


DISC SSION 


As a basis for discussion the significant portions of the preceding 
tables are summarized in Table V. 
Attention is drawn to the following points: 


Re 
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(a) Reduetion of the fractionation temperature to 0-3° has no 
effect on the Globulin IL values. 

(b) Reduetion of the fractionation temperature increases sub- 
stantially the euglobulin and pseudoglobulin values, owing, in all 
probability, to a lessening of proteolysis during dialysis. 

(¢) Failure to perfuse the liver brings about an increased yield 
of Globulin IL and albumin, probably owing to the retention of 
blood. The Globulin LD fractions were discolored, which suggests 


V 


(Ave Er pre (im. per fue (im. of Liver) 


Cilebu- Euglob- Preude- Albu- 


be Il | min 
Room temperature fractionation 

A. Males, low protein cliet OOM | O77 
hagh 7.4 | 4.45 ' 1.44 11.56 
Ratio 137 | 1.49) 1.50 | 2.06 
Females, perfused, low preteim diet 509 331 050 
high 7.92 '4.24)1.34) 1.85 
Ratio 155 11.2812.54 | 2.0 


Cold frac 


Perfused, low protein diet 4.58) 1.06 | 0.86 
high 73° 6M) 1.6) 1.39 
Ratio 146 161 
Neon-perfused, low protein diet 361 1.31) 1.60 
i high . S31 608 174) 2.11 
Ratio 117 131.48) 


that hemoglobin came out in association with this fraction. The 
small deerease in euglobulin remains unexplained. 

(¢/) Failure to perfuse the liver is without effeet on the liver 
weight (Tables [Land IV). Equal amounts of fluid appear to be 
retained, in the one ease, perfusion fluid, in the other, blood. 

Without question the most significant experiments are those of 
Part B, the results of which are summarized in EF and F of Table V. 


The equivalence of the ratios, expressive of the inereases in the 


Various fractions, demonstrates that protein enrichment within the 
liver, as a result of administering a high protein diet, causes equi- 


} 
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proportional increases in all the proteins of the organ." No 
single fraction can be regarded as a storage, reserve, or cell in- 
clusion protein in the classical sense. The funetion of storage is 
a property of all of the hepatic proteins. 

Let us mention again that we do not wish toimply that the four 
fractions referred to in the course of this investigation necessarily 
correspond with proteins resident in the liver under physiological 
conditions. As Halhburton (12) preferred to say, the protems 
mentioned are merely “obtainable from” the liver and hot, ipso 
facto, “contaimed therein.” 

Indeed the equiproportional Increases In these protems under 
conditions favorable for protein deposition may be interpreted in 
three wavs: 

The liver contains one or two parent which 
dissociate (16) during lractionation with recomlbunation of the 
dissociation products to give the substances setuatlv isolated, 

(6) The liver proteins constitute an equilibrium svstem: the 
formation and deposition of a single member of the “Veten calise 
only its transitory accumulation: as rapidly as it acenmulates it 
undergoes conversion into the other components «al the “Vstem,; 
a constant and characteristic proportion i therelw mamtained 
among the members. 

(ce) The liver contains the four proteins actually iolated; they 
arise and function independently of each other 

In a later paper we shall have occasion to report experiments 
which bear upon these different interpretations. 

It is well to note that protem enrichment within the liver is the 
result not only of an mereased mass of tissue but of an Inereased 
content of protein per unit weight of tissue. bor the SO rats 
employed in all of the perfusion experiments the findings shown 
in Table \l were observed 

The values in the last two columns are ealeulated from Table II 


Throughout this paper emphasis has been given to the tnereases in 
protein content in passing from low protein diets to high protein diets 
rather than to the decreases in passing from the high protein diets to the 
low. Where the emphasis is placed is of no consequence, since the Piluger- 
Voit theory hat only embraces the storage of protein under conditions 
favorable for its deposition bout also the withdrawal of protein under cond 
tions requiring its utilization 
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by summation of the four fractions. In their qualitative aspects 
these findings confirm the observations of Tiehmeneff (4) who 
reported increases of 20 per cent in the liver weights of mice but 
of 50 to SO per cent in the amounts of tannic acid-preeipitable 
nitrogen in the liver.” 

It ix well to observe that the changes in the protein content of 
the liver under the conditions of this investigation eannot be 
regarded as mere reflections of corresponding changes in the pro- 
tein content of other organs. The liver behaves in a manner 
which is qualitatively unique. Ina parallel study,* approximately 
60 rats in sixteen groups were maintained upon the low and high 
protein diets; after exsanguination the liver, decapsulated kidneys, 
washed intestine, and samples of thigh muscle were weighed, 
immersed in boiling O.OOLN acetic acid containing about 5 per cent 


Trance VI 
Reeaults of Perfusion Exper: menta on 80 Rata 


Tetal pro | Total liver 
tein content protemn 
weeght of hver per 
liver am hedy per 100 am. | content per 
wenght liver rat 
ym gp 
Low protein 40 6 
High s4 46 17.3 14 


sodium chloride, and heat-coagulated; the samples were then 
ground to a paste, dried at 110°, and exhaustively extracted with 
aleohol and ether in a Soxhlet apparatus; the dry residues, which 
may be regarded as total organ protem (see also Addis ef al. (19)) 
weighed as follows (percentages of initial wet weight): 


Low protein me ss me 
High protein 22 6 


* Addis «f al. (1%) report that the liver protein content of voung adult 
male rats on an adequate diet is 1.70 gm. per rat. The lower value (1.45) 
found in the present studies is probably due to autelytic losses during 
dialysis, loxs during the purification of Globulin Il, rejeetion of the final 
residue, and to the facet that Addis’ rate were 2) per cent heavier. 
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Note that only the liver protein content increases on passing from 
the low to the high protein diet. The increase of 36 per cent 
compares favorably with the increase of 49 per cent (11.6 versus 
17.3) reported in Table VI in which the total protein content was 
determined by direct summation of the four fractions of solubl 
protein. 

Twenty-four animals on a medium protein diet gave values 
intermediate between those obtained from the low nnd high 
protein-fed groups. 

If we assume, on the basis of the changes in body weight 
(cf. p. 493), that the weight of muscle of a rat on a high protein 
diet is 15 per cent greater than in a rat on a corresponding low 
protein dict, it follows that the total muscle protein of a rat on a 
high protein diet is about 10 per cent greater than in a rat ona 
low protein diet. The total liver protein content, on the other 
hand, is 120 per cent greater (last column, Table VI). 

Since the kidneys are known to undergo a marked hypertrophy 
on high protein diets, it may be contended that these organs 
should also be regarded as protein depots. That this hypothesis is 
hardly tenable is evident from the fact that there is no protein 
enrichment (per unit weight of tissue) on high protein feeding. 
It has also been shown (19) that kidney protein in rats on ade- 
quate diets accounts for only 0.6 per cent of the total body protein, 
while the liver protein amounts to 4.3 per cent of the whole. 

It should be mentioned that Halliburton (12) and Plész (13) 
also deseribed four or five fractions of hepatic proteins. Differen- 
tiation was based, in part, on coagulation temperatures. Blood- 
free livers were used and cold fractionation was attempted in some 
of Plész’s experiments, but we are unable to relate satisfactorily 
the salt-soluble proteins described in this early work to the fractions 
described in the present paper. 

Halhiburton’s nucleoalbumin is possibly identical with our 
Fraction X (ef. Part A). His failure to find albumin, exeept in 
the faintest traces, appears to be related to the conditions of 
extraction and ts in harmony with the results of our introductory 
experiments (cf. Part A). 

In the next paper we hope to report upon the chemistry of the 
liver protein fractions and shall discuss further the question of 
proteolysis and some of the implications that follow. 


| 
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SUMMARY 


1 A system of fractionation of organ proteins is deseribed. 
Its appheation to mammalian liver gave four fractions; riz., 
Globulin II, euglobulin, pseudoglobulin, and albumin. 

2. In rats maintained upon a low protein diet and with the 
fractionation conducted upon the blood-free liver at 03° these 
fractions were present, respectively, in quantities of 5.07, 4.58, 
1.06, and O.S6 gm. per 100 gm. of liver. 

3. In rats maintained upon a high protein diet and under the 
same conditions of fractionation each of the above fractions in- 
creased hy SU te 60 per cent. 

t. Protein enrichment of the liver, following upon the adminis- 
tration of high protein diets, is associated not only with hyper- 
plasia or hypertrophy but with an increased content of protein 
perunit weight of tissue. 

5. The evidence suggests that none of the liver proteins can be 
singled out as a reserve, labile, or cell inelusion protein, in the 
classical sense of the Pfliger-Voit theory, to the exclusion of the 
basal structural protems of the organ. All of the liver protens 
participate equally in the funetion of storage. 


The numerous nitrogen determinations required by this inves- 
tigation were made by Mr. John Fudin, to whom [ am also in- 
debted for much technieal aid throughout. Dr. Addis and Dr. 
Klose Jameson contributed a number of valuable suggestions. 
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COLORIMETRIC DETERMINATION OF ACETONE BY 
THE SALICYLALDEHYDE METHOD 


Ky A. RAVIN 


(From the Departments of Medicine, and Physiology and Pharmacology, 
raity of (olorade School of Medic: ne, Denver) 


(Reeeived for publication, April 24, 1996) 


In some work requiring the determination of ketone bodies in 
blood and urine, it was decided to use the Behre and Benedict (1) 
method. Early in the work it was found that in comparing stand- 
ard solutions of known strength, the results did not check with 
those theoretically expected. Moreover, comparison of tubes 
prepared in an apparently similar manner showed marked varia- 
tions. The following work is a result of an investigation into the 
possible sources of error in the method. 

In 1905 Frommer (2) first used the color resulting from the re- 
action of acetone with salievlaldehyde in the presence of strong 
alkali as a qualitative elinieal test for acetone. Engfeldt (3) 
(1915) modified the qualitative test and described a rough quanti- 
tative test. Csonka (4) (1016) described a quantitative method 
with use of a colorimeter. The color reaction was obtained by 
addition of 2cce. of a LOO per cent potassium hydroxide solution and 
lee. of a 10 per cent aleoholie solution of salieylaldehyde to 2 ce. 
of the unknown and heating in a water bath at 45-50° for 20 min- 
utes. 2 ce. of a standard solution containing 0.1 mg. of acetone 
in the 2 ec. were treated in the same way as the unknown. After 
cooling and dilution with distilled water, comparison was made 
with a Duboseq colorimeter, 

In the Behre and Benediet (1) method, described in 1926, the 
color reaetion is obtained by addition of 5 ce. of a 32 per cent 
solution of sodium hydroxide and 10 drops of salievlaldehyde to 
5 ce. of the acetone-containing distillate and heating in a boiling 
water bath for 3 to 5 minutes. Standards containing from 0.005 
mg. to 0.05 mg. of acetone are prepared at the same time. After 
cooling, comparison is made by colorimeter. 

oll 
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Korenman (5) obtains the color reaction by addition of 1 ce, of 
an KOH and 0.5 ce. of a 5 per cent alcoholic solution of salieyl- 
aldehyde to 1 ce. of the acetone solution and heating at 50° for 
25 minutes. Comparison is made by diluting the standard until 
the color is equal to the unknown and then using a graph prepared 
by the author for calculation of the acetone content. 

Several possible sources of error in the Behre and Benedict (1) 
method suggested themselves. (1) The presence of a definite 
color in the blank indicated the possibility that the final color ob- 
tained was a combination of the color due to reagents and the color 
due to the reaction of the reagents with acetone. (2) The salievl- 
aldehyde is added in the form of drops a method certainly open 
to objection if the amount of color obtained is closely dependent on 
the amount of salicylaldehyde present. (3) The solutions are 
heated in a boiling water bath—-a temperature much above the 
boiling point of acetone and one at which loss of acetone due to 
vaporization might occur. 

The presence of a color in the blank appeared to be a definite and 
important factor. That it was not the entire explanation, how. 
ever, Was shown by two findings. First, it would not explain the 
variations found in similarly prepared tubes. Second, the value of 
this factor, as determined by calculation, varied markedly and in- 
creased with higher concentrations of acetone. This ts « ontrary to 
what would be expected if this factor were the entire explanation of 
the poor results obtained. Other possible sources of error had to 
be investigated first, therefore, before this one could be evaluated. 

That the intensity of the final color varies markedly with the 
concentration of salicvlaldehyde is easily determined. In view, 
therefore, of the necessity lor accurate addition of salievialdehvde, 
its addition in the form of drops is definitely open to objection. 
The weight of 10 drops of salicyvlaldehyde obtained while the drop- 
per is held horizontally, at angles of about 30° and 60°, and verti- 
cally was determined. The results were, respectively, 0.485, 
0.324, 0.275, and 0.256 gm. Three trials with the dropper at 
What was considered approximately the same angle (30°) gave 
0.322, 0.303, and O.347 gm., a greater variation than that due to 
the addition of an extra drop. The significance of these figures is 
self-evident. 

That a significant amount of acetone might be vaporized while 


SSS 

| 

| 

| 


A. Ravin 513 


the tube is being heated on the water bath is suggested by the fol- 
lowing considerations. (1) If a tube containing 0.05 mg. of ace- 
tone, sodium hydroxide, and salicylaldehyde, as required by the 
Behre and Benedict method, is placed in a boiling water bath for 5 
minutes and vaporized acetone tested for by the Behre (6) method, 
a slightly but definitely positive test is obtained. This test is 
negative when the tube is heated at 50° for 20 minutes. (2) 
Korenman found that the color developed by heating the tubes for 
10 minutes at 100° was only 60 per cent of that produced by heat- 
ing for the same length of time at 50°. He gives no explanation. 
In view of the fact, however, that development of color is more 
rapid at higher temperatures, the weaker color obtained at the 
higher temperatures suggests a possible loss of acetone, although 
there may be some other explanation. (3) In using the Behre and 
Benedict method, the reading obtained for the unknown is prac- 
tically always closer to the standard than it should be, and the ex- 
tent of this error is usually greater than can be accounted for on 
the basis of the color of the reagents alone. Such results could 
be explained on the basis of loss of acetone due to heating on 
the water bath. 

It can thus be seen that at least two factors appear to be of 
significance in producing poor results. Before the third factor, 
presence of color in the blank, could be evaluated, it was neces- 
sary to modify the method to overcome the other possible sources 
of error. In the eourse of this work the following observations 
were made. With a given concentration of acetone the intensity 
of the color produced increases with increase in concentration of 
either sodium hydroxide or salievlaldehyde. There is, however, a 
certain eritieal concentration of salievlaldehyde for each concen- 
tration of sodium hydroxide above which a erystalline substance, 
probably the sodium salt of salievlaldehyde, separates out. The 
greater the concentration of sodium hydroxide the smaller the 
concentration of salievlaldehyde at which the erystalline substance 
settles out. For a concentration of 16 per cent sodium hydroxide, 
0.2 ec. of salievlaldehvde represents approximately the largest 
amount which ean be added to 10 ce. of solution without formation 
of erystals. Solutions of salieylaldehyde sodium hydroxide 
deepen in color on standing. There are, therefore, two objections 
to the use of a combined salievlaldehyde-sodium hydroxide re- 
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agent. First, it does not keep well. Second, since the reagent is 
added to the acetone solution, the final concentration of sodium 
hydroxide and saliceylaldehyde obtained is less than the critical 
concentration by the amount of dilution, and the intensity of the 
color obtained is less. The rapidity of development of the color 
increases with increase in temperature at which the tubes are 
heated. On cooling, the color increases, quite rapidly during the 
first half hour and much more slowly for a number of hours after- 
wards. If the tube is heated again, the color fades somewhat, to 
increase on cooling. 

In view of the above observations it was decided to use an aleo- 
holie solution of salievlaldehyde to insure accurate addition of the 
reagent and to heat the tubes at 45-50° for 20 minutes. The 
concentrations of the sodium hydroxide and salicylaldehyde solu- 
tions were adjusted so as to produce a final concentration im the 
mixture of 16 per cent sodium hydroxide and 2 per cent salievlalde- 
hyde. When this was done, it was found that similarly prepared 
tubes gave similar results, and comparison of known concentra- 
tions gave results which were much closer to the caleulated ones 
than had been the case previously. A) diserepancy was still 
found, however, which was most evident in the comparison of the 
weaker solutions of acetone. If this discrepancy is assumed to be 
due to the presence of color due to reagents and its value caleu- 
lated, it is now found to be quite constant (Table 1). It might be 
expected that the color of the reagents would diminish as the 
amount of color complex increased but a glance at the relative 
amounts of acetone and salieylaldehyvde involved makes it clear 
that only a very small portion of the aldehyde must be involved in 
the actual reaction. 

On the basis of the above findings the following method for pro- 
duction of the color reaction and colorimetric comparison was 
devised. Since both Csonka and NKorenman used an aleoholie 
solution of salievlaldehyvde and heated the tubes at 50°, the 
method described below may be considered as a modification which 
embodies the following advantages. It is much more sensitive 
and accurate than the Csonka method in which a single standard 
twice the strength of the strongest standard in this method is 
used and in which no correction is made for the color of the re- 
agents. It is also more sensitive than WKorenman’s method. The 
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smallest amount that can be determined by Korenman’s method, 
0.0025 mg. in 1 ce. (given by Korenman), is 5 or more times as 
large as the smallest amount determined by the method given in 
this paper, 0.0025 or less in 5 ec. WKorenman notes the fact that 
the color obtained is not proportional to the acetone content and 
accordingly, from numerous experiments, constructs a graph 
showing the dilution of the standard necessary to match the color 
of various smaller amounts of acetone. As pointed out below, and 
as noted by other workers, different brands of salicylaldehyde give 
different intensities of color with the same amount of acetone. 


Determination of Value of Color of Reagents (R) by Substitution in Formula t 


Acetone content of Acetone content of 
seoluteon at 15 mm est compared Average reading Value of 
my my 


Ace fone Lie ferminaliona Showing lm prove menien Hee sults with Use of kK 


obtained without 


correcting for Reeult after correcting for 


Actual acetone content 


mg weg my. 
0 0054  OO4 0 00056 
0 OO71 0 00825 0 0070 
0 oor O129 


Korenman’s graphs would, therefore, be applicable only to the 
specific brand (not mentioned) which he used. Construction of 
new graphs would be necessary for each brand. Further disad- 
vantages of Korenman’s method are the marked dilution of the 
standard necessary for the weaker solutions of acetone and the faet 
that apparently side-to-side comparison is used. 


Method 


Solutions 
Acetone standards. A stoek solution of known acetone content 
from which Standard A deseribed below can be prepared is needed. 
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A solution containing 1 gm. of acetone in a liter of distilled water 
was found most useful. The simplest method for preparation of 
this solution was found to be as follows: A very pure grade of ace- 
tone was used (kastman). A small flask containing some distilled 
water was placed on one pan of a sensitive (chainomatic) balance, 
1 gm. of acetone was then added with a fine pipette, the acetone 
being dropped directly into the water in the flask. The acetone- 
containing fluid is then poured into a 1000 ec. flask, the small 
flask being rinsed a number of times. The volumetric flask is then 
filled to the 1000 cc. mark with distilled water. In our work the 
acetone content of this solution was always checked by the titri- 
metric method. The results in every case checked within 2 per 
cent. Once a stock solution has been prepared and its 
acetone content checked by the titrimetric method, it would seem 
possible that, provided the acetone is kept tightly stoppered and 
in the ice box, stock solutions might be prepared by the gravimetric 
method and the titrimetric check done away with. This stock 
solution shows no appreciable change in acetone content in 2 
months. 

Acetone Standard A. If the above stock solution is used, this 
solution is prepared by merely diluting 10 ec. of the stock solution 
to 100 cc. in a volumetric flask. This solution contaims 0.1 mg. of 
acetone perce. Behre and Benedict (1) say that this solution will 
last 1 month. 

Acetone Standard B. Prepared by diluting 10 ce. of Standard 
A to 100 ec. in a volumetric flask. It contains 0.OL mg. of ace- 
tone per cc. This solution is prepared each day as needed. 

Salicvlaldehyde solution. Prepared by placing 20 ce. of salieyl- 
aldehyde in a 100 ce. volumetric flask and bringing it up to volume 
with 95 per cent ethyl aleohol. There is a marked variation (cause 
undetermined) in the intensity of color given by various makes of 
salicvlaldehyde. Eimer and Amend’s “Acid Salievlous, Synthetic, 
(Sahievlic Aldehyde)” was used exclusively in this work. Other 
makes usually give less color. Should they be used this factor 
must be taken into account, as indicated below. 

40 per cent sodium hydroxide solution 


Proce du re 


5 ec. of the solution whose acetone content rs to be determined 
are placed in a test-tube. 4 ce. of the 40 per cent sodium hydrox- 
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ide solution and 1 ce. of the salieylaldehyde reagent are added. 
After the contents are well mixed, the tube is placed in a water 
bath at 45 50° for 20 minutes. It is then taken out and cooled for 
t hour and the color compared with the standards. 

Five standard tubes are prepared at the same time as the un- 
known. These contain 0.5, 1, 2, 3, and 5 ce. of Standard B made 
up in each case to 5 ce. with the necessary amount of distilled 
water. 4 ce. of the sodium hydroxide solution and 1 ee. of the 
salicvlaldehyde reagent are then added and the procedure carried 
out as above. The standards thus contain 0.005, 0.01, 0.02, 0.03, 
and 0.05 mg. of acetone. If the acetone content of the unknown 
solution is approximately known and is within this range, 5 ce. of 
the unknown solution are used. If there is a possibility of the 
unknown solution containing more than the above amounts, It is 
best to make a second tube in which 0.5 ce. of the unknown solution 
is made up to 5 ee. with distilled water. This gives a range up to 
10 mg. per cent of acetone in the unknown. Other dilutions can 
of course be used. Standard and unknown tubes must be made 
up at the same time, since, as stated above, the color continues to 
inerease somewhat in intensity on standing. 

Colorimetric Comparison —This should be done 30 minutes after 
the tubes have been removed from the water bath. The standard 
is placed at 15 mm. in a Duboseq colorimeter and should be of 
such strength that the unknown will give a reading between 11 and 
19mm. Readings below 15 appear to be more easily made than 
those above 15 mm. 

Calculation -When the above procedure is used, the error due to 
the color of the reagents is quite constant and has a value so close 
to 0.003 mg. that this figure can be used in calculation of results. 
It must be realized that this figure holds only for the brand of 
salieylaldehyde used in these experiments. The color due to the 
reagents and the depth of color obtained on reaction with acetone 
will vary with the brand of salicylaldehyde used. Three different 
lots of the brand used in these experiments gave the same figure for 
the color of the reagents; it would seem safest, however, to deter- 
mine the constant anew for each lot. This can, of course, easily 
be done by comparing solutions of known strengths and sulb- 
stituting in Formula 1 below.' 


' This is probably most easily done by comparison of tubes with 0.015 
mg. against tubes with 0.01 mg. and determination of the value of R by 
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The amount of acetone in the 5 ce. of unknown solution is eal- 
culated as follows: 


S+15kK Reaxl eax (1) 
or 
{' = (2) 
a 


S = acetone content of standard in me 
= reading of unknown 
{' = mg. of acetone in 5 ec. of unknown 
R = factor for color of reagents (0.008 when the brand of salievlaldehwde 
given above is used) 


When the comparison has been made with a dilution of the 
unknown, the result must, of course, be multiplied by the degree of 
dilution. 


SUMMARY 


A method for the colorimetrie determination of acetone is de- 
scribed and the sources of error in a previously described method 
pointed out. 
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substitution in Formula 1. This should then be checked by comparison 
of the tubes with 0.03 mg. against tubes with 0.02 mg. and again substituting 
in Formula | 
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Of the different kinds of denaturation of proteins, that by heat 
has been investigated most thoroughly. The theory has been put 
forward that the loss of the zwitter ion structure by an interaction 
of the ionogenie groups is the most important of the eleectro- 
chemical changes which a protein undergoes by the action of heat 
(Pauli (6), Cohn (2)). The question as to whether other strue- 
tural changes are brought about by heat denaturation has been 
discussed by many investigators (Pauli, Haurowitz, Wu, cited in 
(7)) but is still unsettled at the present time. In a reeent paper, 
Mirsky and Anson (3) presented evidence that certain groups be- 
come detectable when a protein is denatured ( and -S— 
groups), Whereas they are undetectable in the natural state. 

Little attention has been paid to the denaturation of proteins at 
an air-water interface. Ina recent paper the theory has been ad- 
vanced that this kind of denaturation, the surface denaturation, 
is closely related to the formation of surface films (Neurath (4)). 
Both processes involve an unfolding of the peptide chaims which 
in the natural state are curled up in the interior of the molecule and 
become stretched out when the molecule comes incontact with the 
surface of the bulk solution. This kind of denaturation is prob- 
ably important biologically because it occurs by mere shaking of a 
protein solution, to some extent even spontancously, 

In this paper we have investigated the differences between the 
denaturation by heat and by surface forces. 

The affinity of a substance for the solvent is likewise an Impor- 
tant characteristic of its strueture and is conditioned by the lyo- 

* Published as Paper No. 1416, Journal Series, Minnesota Agricultural 
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philic and lyophobie groups in the molecule. A change of the 
structure of the protein molecule should be detectable hy hhieausur- 
ing the volume contraction in water or in solvents which have an 
affinity for the lyophobie part of the molecule. Groups which 
have the strongest affinity for water are, in the case of proteins, 
the ionogenie amino and carboxyl groups, the carbohydrate residues 
if present, the OH groups of hydroxy acids and tyrosine, and the 
peptide linkages. The most important lvophobie groups are the 
hydrocarbon residues. An Internetion betwe on the 
groups in the course of heat denaturation might diminish the lyo- 
phylic properties of natural protein, whereas an unfolding of the 
peptide chains by surface denaturation might + xpose lvophobie 
groups to the surface, which in the natural state are buried in the 
interior of the molecule 

With these considerations in mind, we have measured the vol- 
ume contraction of these three preparations of protein mn water, 
aleohol, and in mixtures of both. As protem we have chosen 
ovalbumin from fresh hen’s eggs, since the denaturation of this 
type of protein is irreversible, in contrast to other proteins, such as 
hemoglobin or serum albumin (Pauli (5), Anson and Mirsky (1)). 

These experiments present strong evidenee for an entirely 
different mechanism for these two kinds of denaturation which 
appear to be related to distinet changes in the state of hvdration 


EAPLEIMENTAL 


Preparation of Material. Highly purified ovalbumin was pre- 
pared from the white of fresh hen’s eggs. After the white was 
diluted with distilled water and the precipitated globulins were 
filtered off, the solution was electrodialyzed in Pauli’s apparatus 
until the electrical conductivity of a 5 per cent protein solution 
was 6 XK 10° mho. The pH of the solution was 4.80. The 
solution was dried in small Petri dishes in the electrie oven at 37° 
and then powdered in a mortar and kept in a desiccator over phios- 
phorus pentoxide. 

Heat-denatured protein was prepared by heating the purified 
protem solutions to 100° for 15 minutes. After the material was 
filtered, the precipitate was washed several times with distilled 
water and dried and powdered in the same way as the natural 
protein. 
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Surface-denatured ovalbumin was prepared by shaking the 
natural protein solution in a large flask for 48 hours in the ice room 
at 2°. By this procedure most of the protein was precipitated in 
the form of voluminous gelatinous flakes which, owing to their 
consistency, clogged the filter in the course of the filtration. There- 
fore the suspensions were centrifuged for 10 minutes, the precipi- 
tate shaken with fresh distilled water, centrifuged again, and this 
process repeated until no protein was detectable in the wash water. 
After being filtered, the precipitate showed a very gelatinous and 
elastic appearance. It was finally dried in the same way as the 
other preparations. 

There was a distinet difference in the appearance of surface- and 
heat-denatured protein. Whereas the heat-denatured protein was 
a fine powder like most amorphous substances, the surface-de- 
natured proter, powdered in the same Wav iis the former, was 
fibrous and looked rather crystalline. 

Both the surface- and the heat-denatured protem are insoluble 
in pure water, OLN hydrochloric acid, 0.1 N sodium chloride, and 
absolute aleohol In OL N sodium hydroxide both preparations 
are soluble, and in about S per cent aleohol the surface-denatured 
ovalbumin shows a slight tendeney to go in solution, whereas the 
heat-denatured ovalbumin is completely insoluble. In a subse- 
quent paper, a thorough study of the chemical properties of sur- 
face-<denatured ovalbumin will be reported. 

Measurements Density measurements were carried out with 
pycenometers, made of Pyrex glass, the capillary being covered with 
a stall cup in order to prevent evaporation during weighing. 
Lach pyenometer had a volume of about Sec. The densities were 
measured at 25° (4+0.05°) and refer to water at 4. As pyenom- 
eter liquid, xvlene was found to be most suitable, having a lower 
surface tension and also a lower vapor pressure than toluene. 
Xvlene was purified by drying for 3 days with phosphorus pent- 
oxide and then distilling at 137°. The density was found to be 
OS5S679. Before being weighed, the pyenometers were kept im 
the thermostat at 25° for 20 minutes, which was sufficient for 
equalization of temperature. Each density was measured in 
duplicates which agreed within the third decimal place. 

Measurements of the volume contraction of proteins were carried 


out by keeping the protein samples at 25° in the desiccator over 
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mixtures of sulfuric acid and water of varying composition for 30 
hours. One part of the moist material was used for density meas- 
urements, while in another part the water content was determined 
by drying the sample at 104° for 24 hours. 


Tasie 


A nalyse suf Crralbumin in Solid State 


Substance Density “pecifie volume 
Natural ovalbumin 1 0 
Surface-denatured ovalbumin 1 7OS29 
Heat-denatured ovalbumin 0 
50. 
40. 
4 
20° 
40 


JO 

bia. l. Volume contraction of natural. surface-denatured. and hent- 
denatured ovalbumin in water. © natural ovalbumin, surface-de- 
natured ovalbumin. " heat-denatured ovalbumin. 


In order to measure the volume contraction in mixtures of aleo- 


hol and water, 4 cc. of the liquid in question were added to a 
weighed amount of protein and kept in the closed pyenometer for 
24 hours. Then densities were measured in the usual way by fill- 
ing the pyenometer with the same liquid which was previously 
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added to the dry material. Inasmuch as the density found in this 
manner after 24 hours was identical with that after 48 hours, we 
may assume that equilibrium was reached. 

The concentration of aleohol in the aleohol-water mixtures 
was caleulated from density values and refers to per cent by 
volume 


‘Table L gives the values of the density and the specifie volume of 
natural, surface-cdenatured, and heat-denatured ovalbumin in the 
solid state. 

In Table IL the values of the densities of the three preparations 
at Various water contents are reported. In Fig. 1 values of the 
volume contraction in peer ain. of protem are plotted 
ordinate and concentration of water in per cent of dry protein as 
abscisss 

In Table LLL densities of surface-denatured and heat-denatured 
ovalbumin in absolute aleohol (density 0.78522) are given. 

In Table IV are shown the densities of surface- and heat- 
denatured ovalbumin in water-aleohol mixtures. 

In big. 2 values of the volume contraction in ¢.mm. per gm. of 
protein are plotted as ordinate and volume per cent of aleohol in 
the aleohol-water mixtures as abscissa. 


Dise TSSION 


From Table lL we see that natural ovalbumin has a lower density 
than the denatured proteins. This is in keeping with Cohn’s 
observations that with amine acids the smaller the density the 
greater the solubilitv. It is evident that if the peptice chain 
undergoes a stretehing and uncoiling when protein is denatured at 
the surface, its density should be higher than that of any other 
possible structure, sinee there are no free spaces present. This is 
in accord with our results. 

The slope of the curves in Fig. 1 allows us to estimate the total 
amount of water bound by the three types of protein. No further 
volume contraction oeeurs when a complete hydration of the 
molecule is reached or in other words when the second derivative 
of the volume contraction to the concentration of water approxi- 
mates O  \ecording to our results thix would give the values 
recorded in Table \V for our preparations 
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Sgrensen (S) found 0.22 gm. of water of hydration per gm. of 
natural ovalbumin, while Weber and Versmold (9) obtained 0.33 
to gm. bor heat-denatured ovalbumin Sorensen found 187 
gm. of water bound per gm. of protein. The slope of the curves in 
big. 1 exhibits another interesting point. Between 0 and 4 per 
cent water, the curves for heat- and surface-denatured protein are 


Taste Il 
Th x and Lolume Contraction of Nalu ral, Nur face ua eel. ne “af. 
Denatured Ovalbumin at Various Water Contents 


Natural ovalbumin Surface-denat ured ovalbumin ured ovalbumen 
Per cent watet Density Per cent water Per cent water 
0.0 1 Bw 0.0 1 S016 1 
0 42 1 0.00 1 3040 1 2019 
1.2791 4 74 1 3121 3.93 1 
Is 1 9 5) 1 3111 Os 
10. 37 1 25 10 64 1 374 Ww 70 1 
11.70 1 2805 23 62 2658S 3.15 1 26 
12.40 1 200 27 SS 1 2s 21.75 1 
21 5S 1 2023 
2 1 2411 
1 


* Determinations of densities of moist natural ovalbumin were made 
by Dr. Charles Rimpila. 


lll 
uolume Contraction of Prot iis Absolute Alcohol 


Volume contraction 


rote 
I Pr em. 


Natural ovalbumin m0 
Surface-denatured ovalbumin 11 6 


Heat-denatured ovalbumin.... it 


absolutely identical, whereas the curve for natural ovalbumin 
shows a steeper slope. Fig. 3 in which the slope of the curves 
(i.e. the volume contraction per gm. of water per gm. of protem) 
is plotted agaimst the concentration of water, illustrates this 
relation clearly. 

The curves actually represent the hydration forees and show 
that these forces, in the case of surface- and heat-denatured pro- 
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tein, are independent of the water content within 0 and 4 per cent 
water and show the appearance of a true hydrate. 

At concentrations of water higher than 4 per cent, the curves for 
heat- and surface-denatured protein deviate from each other. 
While the heat-denatured protein gives only a small additional 
volume contraction, the curve for surface-denatured protein rises 
further, but not to such an extent as the natural protein. This 
might be explained if we postulate that the hydration forces of 


Protein 


cmm Volume contrection per gram 


40 
Volume per cent Alcoho/ 


hia 2? Volume contraction of surface-denatured and heat-denatured 
ovalbumin in aleoheol-water mixtures. © surface-denatured ovalbumin, 


heat denatured ovalbumin. 


the zwitter ionie groups are strongly diminished by the repulsion 
forces between the free lvophobie groups and the water molecules. 

A further difference between the strueture of heat- and surface- 
denatured protein is shown by Fig. 2 which represents the volume 
contraction of both samples in mixtures of water and aleohol. The 
maximum volume contraction of surfaee-denatured proteim ts 
around 8S per cent aleohol, at which concentration also the proteim 
showed a slight solubilitv. Here the greatest affinity between the 
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solvent and the protein is reached, probably owing to the presence 
of free lyvophobic groups. Then, with further addition of alcohol 
the volume contraction decreases and after reaching a minimum it 
finally coincides with the curve for heat-denatured ovalbumin at 
34 per cent aleohol. The volume contraction of heat-denatured 
ovalbumin decreases between O and 25 per cent aleohol, at which 
concentration its minimum is reached. Then, between 34 and 
79 per cent alcohol both curves coincide, showing a maximum at 


ante LV 
naities and fran of Nurtace and die lhe ith albumin 
ini -Aleohal riurea 


substance percent percent 
Surface-denatured ‘) 33.9 1 3238 
Heat-denatured 1 
Surface-denatured ws 1 is 1 
Heat-denatured 1 328) HZ 
Surface-denatured 7 3 1 3506 7i ss 1 3427 
Heat-denatured 1 352 
Surface-denatured 1 3330 lim) 3226 
Heat-denatured 3086 1 3050 


Tante \ 
ind hi ] (sm af Prot 


Vater per 


= ante 


Natural ovalbumin 0 36 
Surface-denatured ovalbumin 019-0 4 
Heat-denatured ovalbumin 


55 per cent alcohol. Finally they deviate from each other and 
reach the values of 11.6 and 6.6 e.2mm. for surfaec- and heat- 
denatured protein respectively. 

A qualitative explanation for this behavior can be given if two 
types of bound water are assumed as was shown by the volume 
contraction in water. A dehydration of the loosely bound water 
of heat-denatured protein oceurs by the addition of small con- 
centrations of aleohol, This would be the water bound between 4 
and 20 per cent water in Fig. 1. Then, on adding further aleohol, 
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the volume contraction rises, owing to an additional volume con-_ 
traction brought about by the binding of aleohol. With 55 per 
cent alcohol a dehydration of the tightly bound water takes place 
and the curve falls. Since this fraction of bound water is held by 
the same forces in both, the surface- and heat-denatured protein, 
between O and 4 per cent in water im Fig. 1, the volume contraction 
is identical for both samples. 


Profein 


c™mm Volume contraction per gram 


| 
S2- 
10 
Per cent (40 per gram Protein 
hia. 3. Caleulated volume contraction per gm. of water per gm. of 
protein, in Water. natural ovalbumin, © surface-denatured ova'lbumuin, 


« heat-denatured ovalbumin. 


St 


1. Densities of natural, surface-denatured, and heat-lenatured 
ovalbumin in the dry state have been measured. Natural protein 
has the lowest density, while the densities of heat- and surface- 
denatured protein are close together, surface-denatured protein 
having a higher density than heat-denatured. 

2. The volume contraction of these samples at various water 
contents has been determined. The values for the maximal volume 
contraction of natural, surface-denatured, and heat-denatured 
protein are 53, 30, and 24.5 ¢.mm. per gm. of material. 

3. Further differences of the strueture of heat- and surface- 
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denatured proteins are indicated by measurements of the volume 
contraction in mixtures of water and aleohol. 


We take pleasure in acknowledging the many valuable com- 
ments and suggestions which Dr. R. A. Gortner made to us 
concerning this paper. 
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In the past deeade, considerable progress has been made in the 
development of various types of glass electrode apparatus for 
pH measurements in biological material (Nerridge, 1925; MaeInnes 
and Dole, 1929, a, b, 1930; Stadie, 1929; Hill, 1931; Stadie, O’Brien 
and Laug, 1931: Kahler and Dekds, 1931: and Maeclones and 
Beleher, 1931, 19383 a,b). As a consequence, workers in the bio- 
logiea! field have been quick to use the new method for finding 
pH values whieh would otherwise be unobtainable, or for obtain- 
ing results exceeding the accuracy of the colorimetric, or even of 
the hydrogen electrode method. For the measurement of the pH 
of whole blood as drawn, with an accuracy greater than that of the 
colonmetre method (Cullen, 1922, a; Hastings sania Sendroy, 
1924), the glass electrode should be especially valuable, since the 
hydrogen electrode is useless in the presence of oxyhemoglobin. 

Although glass electrode pH measurements are appearing more 
frequently in the literature, no one has yet given proof of the 
accuracy of such values for whole blood, or indicated their’ rela- 
tionship to hydrogen eleetrode results. Those who have at- 
tempted to give proof of the reliability of their glass electrode 
measurements of blood pH values (Voegtlin, Dekds, and Kahler, 
1930; Yoshimura, 1935, 6; Haugaard and Lundsteen, 1936) have 
demonstrated merely the reproducibility and constancy of the 
potentials obtained by their own particular methods of measure- 
ment. Apparently, the nearest approach to a comparative study 
of such material as blood is to be found in the work of Stadie, 
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O’Brien, and Laug (1931), who compared glass cleetrode with 
hydrogen electrode results for twenty-two specimens of serum 
at 38°, all at pH about 7.4. They used the thin membrane type 
(MaclInnes and Dole, 1929, a) of glass electrode. On the average, 
their glass electrode results were 0.007 pH more alkaline than their 
hydrogen electrode values. 

Haugaard (1934) has also published a parallel hydrogen elee- 
trode and glass electrode determination on one sample of serum 
at pH 7.4.) The glass electrode result: seems to be from 0.00 to 
0.03 pH more alkaline than the hydrogen electrode valuc 

Yoshimura (1935, 6), using Werridge’s (1925) technique, has 
compared pH values of five samples of whole blood, measured 
with hydrogen and glass electrodes. However, it does not appear 
that his hvdrogen electrode measurements of whole blood can be 
accepted as valid, for the reason that they were made with blood 
in the oxygenated state. 

Sorensen (1909) originally defined pH as the negative logarithm 
of the hydrogen ton concentration. More recently, there has been 
a tendency to regard it as a simular function of the hydrogen ion 
activity. MacInnes (1933) has pointed out that the first rela- 
tionship is not true and that the second one cannot be proved 
thermodynamically. However, the usefulness of the term may be 
retained by defining pH simply by the equation: 


(1) pHi = 


where £ in the case of the hydrogen electrode is the mensured 
potential of the typieal cell 


H.-Pt unknown liquid) saturated AC) bridge reference electrode 


and #y is a constant at any one temperature, a function of the 
reference electrode and a standard solution of definite, accepted 
pH. Equation | is also applied where a glass electrode ts used in 
place of the hydrogen-platinum electrode. Even if ky values for 
both hydrogen and glass electrodes are obtained by means of the 
same standard solutions, up to the present time there has been neo 
basis for predicting that both electrodes would yield the same pH 
values for whole blood. 

Parsons (1917) showed, in in ritre experiments, that the pH of 
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reduced whole blood was the same as that of its plasma separated 
without change of CO, tension; henee for blood as drawn pH 
values in the literature have been determined in the plasma or 
serum. Whether colorimetrically, gasometrically, or electro- 
metrically measured, these values have all been obtained by some 
reference, direct or indirect, to the hydrogen electrode. If direet 
blood pH values yielded by the glass electrode are to be compared 
with these values based on the hydrogen electrode, it appears 
essential that anv method of glass electrode measurement used be 
first compared with hydrogen electrode measurements on blood. 
In the present paper such comparisons of pH measurements, on 
reduced blood, are reported, 


EXPERIMENTAL 
Technique 


Equilibration of Blood Samples with Gas Mirtures -Ox blood, 
either defibrinated or with 0.2 per cent potassium oxalate plus 0.1 
per cent sodium fluoride added, was used. After bleeding, the 
blood was kept 1 day before it was used, in order that the spon- 
taneous lactic acid formation that occurs in freshly shed blood 
might come nearly or completely to an end. The blood samples 
were prepared for pH determinations by the double tonometer 
saturation technique of Austin ef al. (1922). They were satu- 
rated, one at a time, in a water bath at 38° with gas mixtures of 
varving tensions of CO, in hydrogen, for two 30 minute periods. 
After separation of the gas and liquid phases, the blood sample, 
kept at 38°, was removed to a 38° constant temperature room where 
simultaneous pH determinations were made immediately by 
both the hydrogen and glass electrode techmques. 

Iludrogen Electrode Measurements These were earried out in 
a Clark-Cullen rocking eleetrode vessel (Cullen 1922, 6), exactly 
ax deseribed for serum pH by Hastings, Sendroy, and Van Slyke 
(1928). For each blood sample, a different platinum electrode 
was used. The electrode vessel was washed and filled in each 
case with the same gas (by mercury displacement from the sepa- 
rated tonometer containing the gas phase) as that with which the 
blood had been saturated. Some buffer mixtures were also 
measured for pH in the bubbling hydrogen electrode described by 
MaclInnes and Beleher ((1931) Fig. 2). 

The Fo value of the electrode was obtained with O.1 Ns HCI, the 
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pH of which was assumed to be 1.08, or with O.1 N acetate mix- 
tures freshly prepared according to Maclnnes and Shedlovsky 
(1932) and MaeInnes and Belcher (1936), at pH approximately 
4.5. Each acetate mixture was reproducible, on the basis of the 
work of these authors, to at least 0.005 pil. 
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hic. 1. Modified Maclones and Belcher (1935, a) eleetrode Chleetrode A). 


Glass Klectrod: Measurements klectrode A of our 
measurements were made in an electrode vessel (ig. 1) which 
was a modification of the rugged form deseribed by Maelnnes 
and Belcher ((1933, a) Fig. 1). The inner spiral was replaced 
by a thin tube, ab, slightly curved to avoid breakage with change 
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in temperature. For the same reason, the jacket was made of a 
series of bulbs. This modification of the original MacInnes and 
Belcher electrode increased the ease in cleaning and decreased 
the volume of fluid required to about 1 ce. for a tube 12 em. long. 
A further improvement, for the present purposes, Was effected 
by detaching the eup A so as to allow for its use interchangeably 
with the 3-way 1.5 mm. capillary stop-cock B, connecting with 
the vessel through transparent rubber tubing. The electrode 
could thus be filled from above and washed out through JT. When 
buffer solutions were measured, the cup A was used. For CO; 
containing solutions, or for blood or serum, the stop-cock B was 
used. The result of using this stop-cock was a saving in the 
amount ot sample needed, the elimination of troublesome bubbles, 
the exposure of a minimum liquid surface to the air in the vessel, 
and «a Washing out downward of any accumulated moisture in 
the cleetrode. 

At the beginning, and sometimes also at the end of each experi- 
ment, the A» value of the electrode was obtained, as deseribed by 
and Beleher (1933, a), with the same 0.1 HCl or 
acetate mixture used to standardize the hydrogen electrode. The 
ky values, although varving from day to day, were sufficiently 
constant to allow measurements to be made over a period of 
several hours without reealibration. In many cases, a phosphate 
buffer solution of known pH (according to Hastings and Sendroy 
(1924)), checked by hydrogen electrode measurement, was also 
used as a further check on the calibration of the cell. 

Before the introduction of a blood sample, the electrode was 
rinsed several times with distilled water and allowed to drain. 
The rinsing water was allowed to stay in the electrode a minute or 
<«o before drainage. “The moisture adherent after this last washing 
was sufficiently removed by the downward stream of sample subse- 
quently introduced from A or B. 

When pH was measured in blood or other CO,-contaimng solu- 
tions, the vessel containing the blood and mereury (Austin e¢ al. 
(1922) p. 129) was attached to arm J of B. The stop-cock B was 
turned to connect arm / with arm 3 and a small amount of blood 
was allowed to waste through the stop-cock. The control stop-cock 
of the blood container was closed, and then with stop-cock S open 
to T, stop-cock B was turned to connect arm / with arm 2 and 
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the vessel J. With the stop-cock of the blood container as con- 
trol, the blood sample was allowed to enter the electrode through B. 
A little blood was wasted through S to T. The blood container 
control stop-cock was closed, and stop-cock S was quickly turned 
clockwise through 120° to flush saturated potassium chloride from 
the reservoir # through arms / and 2 of stop-cock S, outside to 
T. By another 120° clockwise turn, a liquid junction was formed 
at the point « between the calomel electrode ? and the sample in 
ab, through A and arm 2. Stop-cock B was then quickly turned 
clockwise through 180° to connect the electrode J with arm 3 of 
B, thus avoiding any possible strain on the glass membrane ab. 


' 
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\ 
4 
hia. 2 Modified lark-Cullen hvelroge ne lecetrode with vlones and 
Belcher (19033, 6) giass electrode inserted (Blectrode B) 


The blood reservoir Was disconnected from arm J of stop-cock h 
and the potential readings made. 

In each expermment with Electrode A, one determination was 
earned out in which the tube ab (hig. 1) contamed room air before 
the blood was run in, and a duplicate determination in which tube 
ab was filled with mercury before the blood was introduced, in 
order to avoid any possibility ol pH increase from loss of C¢ be, 

Kquilhbrium of the blood or serum with this glass electrode, as 
judged by the constancy of the potential readings, was obtained, 
in the majority of cases, within } minute, and remained constant 
for as long a time as measurements were taken, 10 minutes in some 
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Glass Electrode Measurements. Electrode B-—-A final series of 
measurements Was made in an electrode vessel (Fig. 2) which was 
simply a Clark-Cullen hydrogen electrode vessel with an additional 
opening for the insertion of a thin membrane, glass electrode E of 
the type used by MacInnes and Belcher ((1933, 6) Fig. 1). The 
hydrogen-platinum electrode P made contact with an enameled 
copper wire C through a globule of mercury M. The lead-off wire 
C was held rigidly in the tube Tu filled with paraffin. A thermom- 
eter Th indicated the temperature of the solution measured. The 
use of this combination type of vessel made possible simultaneous 
hydrogen and glass electrode measurements on the same individual 


sample. 


Results 


As shown by Evans (1922), lactie acid forms in freshly shed blood 
at 38°. There is an accompanying fall in pH of about 0.08 to 0.05 
during the first half hour after bleeding (Havard and Nerridge, 
1920, Laug, 1930, 1934; Yoshimura, 1935, 4; Haugaard and Lund- 
steen, 1936). As mentioned above, the blood used in our experi- 
ments was drawn the day before, and kept at about 10° until 
used for an experiment. When, in the course of the equilibration 
it Was again warmed to 38°, the acid formation, which had pre- 
sumably become slow in the cold, was still so much less than in 
freshly shed blood that samples kept and measured in the glass 
electrode at 38° for 10 minutes showed little sign of change. 
Drifts of + 0.2 millivolt, likewise found for buffer solutions during 
this period, were no doubt caused by slight temperature changes. 
We were therefore satisfied that whatever acid might be formed 
at such a slow rate, would cause no difference in pH between the 
aliquots of blood used in the glass and the hydrogen electrodes, 
respectively, when the following procedure of preparing the blood 
was followed. A portion of blood (1 day old), sufficient for both 
electrode measurements, Was warmed to 38° and equilibrated with 
a CO hydrogen mixture of the desired CO, tension. Then, after 
separation of the gas and blood phases, separate portions of blood 
from the same container were transferred at once to the two elee- 
trodes. The potential measurements, completed within 5 minutes 
or less from the time the electrodes were filled, were made simul- 
taneously. All operations, from saturation to pH measurements, 
were carried out without change of temperature at 38°. 
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: Glass Electrode A—In the measurement of phosphate and citrate : 
| buffer mixtures, with pH values ranging from 4.0 to 7.5, no diffe) b 
culty was experienced in obtaining consistent agreement between | 
| 
fi Comparison of Hydrogen and Glass Electrode (Electrode A) pil Veasure- 
ments on Buffer Mixtures at 38 
| With Ee of electrodes With of electrodes 
ard, pH « 1.05 
Material , 
livdre- 
Hydroger ' 
pil pil ii j fi 
Citrate Buffer b*3.67 3.67 0.00 
4.15 4.14 Ol | 
b 4.15 
3 | 3.68 3.67 oo] 
b 3.67 
4 4.15 4.15 oo 
Phosphate Buffer 1 7.18 7.17 
2 7 36 7 ooo | 
3 737 737 oo 
b 7.38 
4 7.48 4.47 
b 7.48 
7.35 7 OR 
t) 7.3 TALL 
“ 7.31 7.32 +0 
4 7.31 oo] 
1} 7.154 7.1590 +0005 
12 7.363 7 361 
14 O10 +0002 6 019 O17 
7.139 7.151 +0.012 7.143 7.16 +0013 
*h = bubbling electrode 
the hydrogen electrode and the glass electrode to within QOL pH 
(Table 1), with both 0.1 N HCI and 0.1 N acetate buffer as stand- | 
ards for the Fy value of the electrodes. | 
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Stadie, O'Brien, and Laug (1931) called attention to the possi- 
bility of CO, loss in the filling of their glass electrode. They 


Taste Il 


Hydroge n and Glass Electrode (Electrode A) pil Measurements on Reduced 
Whole Blood at 38° 


With Fy of eleet rodes obtained With By of eleet rodes obtained 


with Os HC) as «tandard, with O.1 acetate buffer as stand- 
3 pil 10s ard. pH 4.510 
ment Xo Na 
Hydre- 
gen Calase eleetranbe eet (lane eleetrode 
elewt rele electrode 
pil pil Apil pil pil | 
7 
4 m OW 
7 
7 7 7.526 7.515 O11 
2 m OOS m 7 
7 7 O18 7002 
S87 7.064 0023 7.578 | 7.561 | —0.017 
m 437 m 7 | 
7.37 7334 -—0013 7.338 7.331 —0.007 
m 7 186 m 7.182 
7 OM 7.1SI 0023 7.199 7.177 | —0.022 
O37 m 7.033 
7 7 039 OOM OW 7.035 | —O O12 
| m m 7 | 
7 6235 7.617 Ooms 7 610 7.612 +0.002 
2 36 m 7 360 
7 38S 7.368 0020 7 305 7.373 008 
m 3.168 m 7 163 
7 7.163 0037 ISO 7.158 | —0.022 
m 7.005 | m 7.000 
7 O27 7 001 0026 7 008 —0 007 
| m 7.167 m 7.104 
7.208 7.162 OM) 7.177 7.150 —0.018 
2 m 7.000 m 6 097 
7.000 OOS 7 004 -—0.009 
Average ~0 O11 


= sample into cleetrode by displacement of mereury. 


obtamed an average increase of 0.006 pH with serum samples 
exposed, during the filling of the electrode, to air instead of to the 


| 


i 


538 pH with Glass Electrode 


equilibrium gas mixture of 40 mm. of CO, in hydrogen. In some 
experiments (marked min Table IL), by first filling the glass elec. 
trode (Electrode A) completely with mercury, and then introdue- 
ing the sample, we obtained measurements with the possibility 
of CO, loss eliminated. The results (Table I1) for the same blood 
samples were in agreement within narrow limits of either increased 
alkalinity or acidity whether the entering sample displaced mer- 
eury or air in the electrode. 

The results of the comparison of blood pH measurements (Table 
I1) indicate, with 0.1 ~ HC] as a standard of reference for the EF 


Ill 
ydroge and Glass Blectrode (KRlectrode Ht) pil Veasure on Reduced 
Whole Blood and Dilute Hicarbonate'arhonate Solutions at 38 
Both electrode measurements were made simultaneous! in the 
vessel, with the material in equilibrium with the gas pha» 


ie Materia «Glass electrode 

pil pil Apll 
Phosphate buffer rm O00 
Ox blood defibrinated 7 20 7.18 oo2 
Phosphate buffer 4.42 7.42 O00 
Ox blood defibrinated 7 3S 
Phosphate buffer 7 63 7 
Ox blood defibrincted 7 7 tH oo 
2 NaHCO, + NaCOs, totaleon- S488 +0008 
tent from0.007 s 8.722 715 O07 


value of the electrodes, an average difference of 0.023 pH in the 
direction of relatively more acid values for this particular glass 
electrode as against the shaking or rocking hydrogen electrode. 
With 0.1 N acetate buffer as standard, this diserepaney is reduced 
to 0.011 pH, still in the same direction. 

Glass Electrode B—By the use of the combination glass and hy- 
drogen electrode vessel (Fig. 2) all uncertainty as to variations in 
the sample itself measured by the two electrodes was eliminated. 
The vessel was filled with the gas mixture with which the sample 
had been equilibrated, and both electrode readings were taken 
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simultaneously after 5 minutes of gentle rocking. The results of 
Table II], with a fresh platinum-hydrogen electrode used for each 
blood sample, indicate that with 0.1 N HCl] as a standard for the 
calibration of the electrodes, the blood measurements for the thin 
membrane type of glass electrode are also 0.02 pH more acid than 
those for the hydrogen electrode simultaneously immersed in the 
same sample. For phosphate buffer solutions measured at the 
same time there was complete agreement, whereas dilute bicar- 
bonate-carbonate solutions at high pH showed an average rela- 
tive deviation of +0.01 pH for the glass electrode. The results 
by the two types of Glass Electrodes A and B were therefore in 
agreement, in that blood pH values by both, with 0.1 ~ HCI as 
standard, were 0.02 pH more acid than by the hydrogen electrode. 


DISCURSION 


In evaluating the significance of these results, it will be helpful 
to consider the possible sources of error involved. 

Although it is not our purpose to enter into a discussion of pH 
standardization (Clark, 1928) we must note again that 0.1 nN HCI, 
of all standard solutions used for the establishment of the Ey for an 
electrode, so far as reproducibility f potentials is concerned, is 
less satisfactory than are the less acid buffer mixtures. Secondly, 
there may be some error, from 0.005 to 0.01 pH, involved in the 
preparation of any buffer solution. 

The hydrogen electrode is extremely susceptible to the presence 
of oxygen or of substances giving rise to mixed oxidation-reduction 
potentials. This must be particularly the case when whole blood 
is measured. As is well known, no hydrogen electrode may be 
used indefinitely at 38° for reduced blood measurement. When 
Withdrawn from use after one measurement, it is frequently coated 
with protein. Just when such an electrode may be considered to 
he in the initial stages of being “poisoned” is not known. Further- 
more, although we were using blood reduced as completely as 
possible, in these experiments, it must be noted that removal of 
oxygen was not absolutely complete. Van Slyke and Sendroy 
(1933) found, in reduced dog blood prepared according to the 
equilibration technique outlined, from 0.3 to 2.0 per cent of the 
available hemoglobin still binding oxygen. The effeet of such 
small amounts of oxygen in this form on the rocking hydrogen elee- 
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trode is not known and the possibility of error from this source 
must therefore be kept in mind. 

The glass electrode, on the other hand, is uninfluenced by the 
presence of oxygen or other so called hydrogen electrode “poisons.” 
Indeed, we have found potentials of buffer mixtures to be un- 
affected even when the solutions were suspended in mineral oil. 
However, the glass electrode has its own limitations in the exeeed- 
ingly careful work required not only for constant, but for repro- 
ducible results. 

When the £y values of glass and hydrogen electrodes were 
determined with 0.1 N acetate buffer, the blood pH yielded by the 
glass electrodes varied over the range +-0.008 to —0.022 (mean 
—0.011) from the pH vielded by the hydrogen electrode (Table 
Il). This range of deviation does not exceed that which might 
be expected from the combined sources of error in standardizing 
both electrodes and in the possible slight “poisoning” of the hydro- 
gen electrode by blood constituents. When the electrodes were 
standardized with 0.1 ~ HCl instead of acetate, the pH values 
yielded by blood varied from —0.017 to —0.041 (mean — 0.023) 
from the pH yielded by the hydrogen electrode. For determining 
the £o values of the electrodes, HCI gives less consistently 
reproducible results than does acetate buffer, and the lower pH 
of the HCI removes the conditions of /o standardization further 
from those of blood pH determination. Presumably the greater 
and more variable deviation between glass and hydrogen electrode 
results, when the electrodes were standardized with 0.1 ~ HCl, 
may be attributable to the less satisfactory nature of HC] as 
standard. 

SUMMARY 

A comparison has been made at 38° of pH values yielded by the 
Clark-Cullen rocking hydrogen electrode, with values vielded by 
two forms of glass electrode: A, the tubular form of MacInnes 
and Belcher (1933, a) and B, a MacInnes and Belcher (1933, b) 
thin membrane electrode. The latter was inserted into a Clark- 
Cullen electrode, so that measurements by both the glass and the 
hydrogen electrode were made on the same solution and at the 
same time. The materials used for these measurements were 
buffer solutions and whole blood at physiological CO, tensions. 
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With citrate, phosphate, and bicarbonate-carbonate buffer solu- 
tions, hydrogen electrode pH values agreed consistently, within 
0.01 pH, with values by both types of glass electrode. 

With reduced whole blood, equilibrated at various CO, tensions, 
Glass Electrode A, gave pH values in the range +0.008 to — 0.022 
(mean —O.011) from the values obtained by the hydrogen elee- 
trode. 

In obtaining these results the Fy values of the electrodes, both 
glass and hydrogen, were determined with standard acetate buffer 
solutions of pH 4.5. When 0.1 HC] was used to determine the 
ky values, Glass Electrode B consistently gave blood values 0.02 
pH less than those yielded by the hydrogen electrode. Shghtly 
less consistent results, of the same average order of magnitude, 
were vielded by Glass Electrode A, standardized with 
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THE UTILIZATION OF GLUTATHIONE IN CONNECTION 
WITH A CYSTINE-DEFICIENT DIET 


By HELEN M. DYER ano VINCENT pu VIGNEAUD 


(From the Department of Biochemistry, School of Medicine, George Washing- 
ton University, Washington) 


(Received for publication, June 29, 1936) 


Although various aspects of the metabolism of glutathione have 
Leen the subject of numerous investigations within the past few 
years, the intermediary steps in the catabolism of this compound 
remain undetermined. It is not known whether glutathione is 
catabolized through cleavage to the constituent amino acids and 
thence through the steps ordinarily involved in the metabolism of 
these amino acids or whether it is broken down in some unique 
fashion. 

Experimental proof of the oxidizability of the sulfur of this 
tripeptide in the animal organism has been reported by Hele and 
Pirie (1), by Abderhalden, Buadze, and Geidel (2), by Schelling 
(3), and by Brand, Cahill, and Harris (4). The oxidation of the 
sulfur of glutathione to sulfate by tissue slices has been demon- 
strated by Pirie (5). No reference has been found by us, however, 
in relation to the availability of the cysteine of glutathione for the 
growth of animals on a eystine-deficient diet. Lewis and Lewis (6) 
have demonstrated that other peptides such as dighyeyleystine and 
dialanyleystine may be successfully substituted for the Leystine 
supplement to a eystine-deficient diet of rats, but the fact that 
glutathione differs from these peptides in containing a > linkage 
suggests that its hydrolysis and consequent ability to serve for 
eystine in the diet should not be assumed without experimental 
proof, It might even be recalled that Hopkins (7), in 1921, in his 
original paper on glutathione called attention to the resistance of 
the compound to the proteolytic enzymes of the tissues. This ob- 
servation led Lewis and Lewis to comment in 1927 that gluta- 
thione is probably able to function in the organism because of its 


"Wied & 


o44 Utilization of Glutathione 


resistance to hydrolysis by enzymes and to other like metabolie 
changes (6). 

More recent evidence based on in vitro enzymatic studies indi- 
cates, in fact, that the glutamic acid linkage in glutathione is not 
easily split by enzymes. Grassmann, Dyckerhoff, and Eibeler 
(8) found that glutathione in its reduced or oxidized form is not 
attacked by the proteases, pepsin, pancreatic protease, and papain. 
Glutathione proved to be resistant also to hydrolysis by dipep- 
tidase and aminopolypeptidase from veast and from the intestine, 
It was observed, however, that carboxypolypeptidase from the 
pancreas effected a rapid and smooth cleavage of oxidized gluta- 
thione, but that the hydrolysis came to a standstill after half of 
the peptide linkages in the molecule had been disrupted. They 
precipitated the unhydrolyzed moiety, and from the filtrate they 
were able to isolate glycine in more than an SO per cent yield as 
the ester hydrochloride. The reduced form of the tripeptide was 
not significantly attacked by carboxvpolypeptidase, a behavior 
which was attributed to the inhibiting effeet of the sulfhydryl 
group. Wendall, Mason, and MehWenzie (9) in a study of the 
enzymatic hydrolysis of glutathione came to the conclusion that 
erepsin hydrolyzes glutathione into its three constituent amino 
acids. Ina later paper, however, Mason (10) stated, “that erepsin 
‘annot attack the glutathione molecule at the link between the 
glutamic acid and cysteine.” This was to be expeeted, he ob- 
served, since the free amino group is in the y position. When the 
glutamyl! radical had been split off as pyrrolidonecarboxylie acid, 
the resulting cysteinylglycine was easily attacked by the erepsin. 
In the earlier experiments, glutathione was incubated with erepsin 
at 37° for 2 to 5 days and apparently the glutathione was hy- 
drolyzed by the enzyme. In the later studies Mason showed that 
under these same conditions, but without erepsin, pyrrolidone- 
carboxylic acid was split off in this manner and the eystemylglyeine 
was then hydrolyzed by erepsin. He therefore coneluded that 
erepsin does not hydrolyze both peptide linkages of glutathione. 
It is, of course, questionable whether enough time would Le 
afforded in the intestinal tract for this type of non-enzymatie 
splitting off of the pyrrolidonecarboxylic acid to take place to any 
significant extent. Thus, on the basis of the mm vitro enzymatic 
studies, there is nothing to indicate that an appreciable amount 
of cysteine can be liberated from glutathione in the intestinal tract. 
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The work of Brand and coworkers (4) is also pertinent to the 
question under discussion. These investigators have compared 
the metabolic behavior of glutathione with that of cystine, cyst- 
eine, and methionine in the eystinurie individual, and have ob- 
served that the oral administration of glutathione or of eystine 
causes practically no increase in the urinary cystine, whereas the 
feeding of cysteine or methionine results in a marked increase in 
the exeretion of eystine by the eystinuric. They interpreted 
these observations as proof of a difference in the paths of metabo- 
lism of cystine and glutathione on the one hand and methionine 
and cysteine on the other. They concluded moreover that this 
behavior of glutathione in the eystinurie argues against the 
hydrolysis of glutathione to furnish eysteine as an important path 
of its metabolism, and they suggested that reduced glutathione 
may be oxidized before catabolism, or that its metabolism may 
proceed along an entirely different and unconventional course. 

We therefore felt that the hydrolysis of glutathione to its con- 
stituent amino acids either after oral or parenteral administration 
could not be accepted a priort. It was thought that a study of the 
availability of glutathione for growth purposes might throw some 
light on this question. If it were found that growth was sup- 
ported, it would indieate the possibility that hydrolysis can take 
place, but of course would not indicate that glutathione must 
ordinarily follow this path in its catabolism. However, it should 
he pointed out that the question still obtains in these studies, as 
in others of this nature, as to whether the utilization of the sup- 
plement is due to its conversion in the body to the deficient factor 
or is only a matter of a sparing action for the small amount of 
cystine or methionine which is present in the diet, a question so 
amply discussed by Jackson and Block (11). From this stand- 
point a sparing action of the glutathione in this particular study 
could mean that the supplement might be used as such without 
hydrolysis for certain purposes, and that the small amount of 
eystine and methionine in the diet thus spared might serve for 
the synthesis of new protein in the tissues and for other anabolic 
purposes. However, a failure on the part of glutathione to sup- 
port growth in lieu of cystine would conclusively demonstrate that 
the formation of eystine or eysteine could not take place in the 
catabolism of this tripeptide. 

A study of the utilization of glutathione by animals on a eystine- 
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deficient diet was therefore undertaken. Glutathione was ad- 
ministered orally to some of the animals and was injected sub- 
cutaneously into others. It was found that glutathione supported 
growth under these conditions, apparently as efficiently as an 


CHART I 

Number and sex of 
rat shown on extreme left. 
The numbers in parentheses 
Genote the initial and 
final weighte of the 
rats. Arrows indicate 
points of change. 


(70) 


374¢(74) 


370 9(68) 


372¢ (66 
FlO days 


573¢(69) 


(58) 


(62) 


Cuart |. Growth curves of rats on a ecystine-deficient diet, supple- 
mented with /-evstine and with glutathione. 


equivalent amount of cystine. This was as true when the tri- 
peptide was injected as when it was fed. 


EXPEEIMENTAL 


Two litters of rats were used for the investigation. For the 
first litter the basal diet selected was similar to that which has 
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been employed previously in this laboratory. The percentage of 
the milk vitamin concentrate was inereased and the dextrin was 
correspondingly decreased. A new lot of the vitamin concen- 
trate was used and the increased amount was found necessary, 
The basal diet had the following percentage composition: casein 
6.0, dextrin 33.0, sucrose 15.0, agar 2.0, salt mixture (Osborne and 
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$a 63 

303 
5.3 

370. 4 | +0 
2) me. glutathione (oral) s 4 

4 
$2 52 me. glutathione (oral) | 

371 ¢ | 
J) mg. l-evstine (oral) | 
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mae. /-evstine (oral) 72 

» 22 Lee, NaCl (subcutaneous) 

» 22 Lee, 0.9% NaCl (subcutaneous) 47 

lo 
» 22 mae. glutathione (subcutaneous) 

lo | 
» 22 V2 me glutathione (subcutaneous) Hd 

| 
» 22 me. glutathione (subcutaneous) 77 


Mendel (12)) 4.0, lard 19.0, eod liver oi! 5.0, and milk vitamin 
concentrate (Supplee ef al. (13); 16.0.) Two rats were given sup- 
plements of 20 mg. daily of Leystine, two were given 52 mg. of 
reduced glutathione, an amount of glutathione which contained 
the sulfur equivalent of the cystine, and two animals were given 
control dextrin pills. The erystalline glutathione used in the 
investigation was shown by the Sullivan reaction (14) to be nega- 
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tive in respect to free eystine or cysteine, The supplements with 
one exception were given in the form of dextrin pills, and the 
daily dose for each animal was divided into two portions which 
were fed at 9a.m. and( p.m. Rat 370 was given the glutathione 
pills as supplement for 8S days, after which the material was ad- 


CHART II 
Number and sex of rat 
ehown on extreme left. The 
numbere in parentheses 
denote the initial ani fin- 


al weights of the rate. 
Arrows indicate pointe of (76) 
change. 
511¢(66) 
| (72) 
(75) 


510¢(70) t 
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5078 (64) 


(62) 


£06<(66) 


(56) 


Cnuart Il. Growth curves of rats on a evstine-deficient diet supple 
mented with subcutaneous Injections of glutathione or of pt vstological 
saline. 


ministered subcutaneously twiee a day. The glutathione was 
dissolved just previous to Injection in 0.5 ce. of physiological saline 
and was neutralized to litmus with NaOH. The growth curves of 
the animals are presented in Chart I, while the average daily food 
consumption for each rat is given in Table 1. The rate of growth 
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of Rat 370 was not affeeted by the change from oral administra- 
tion of the glutathione to subcutaneous injection. Additional 
experiments on the parenteral injection of glutathione were sub- 
sequently carried out with another litter of animals. 

With this litter the basal diet contained 5 per cent casein and 12 
per cent milk vitamin concentrate in place of 6 per cent and 16 
percent respectively. The dextriti was correspondingly increased. 
This afforded an even greater deficiency of cystine in the diet. 
Three rats were given supplements of 52 mg. daily of glutathione 
injected subcutaneously, as deseribed for Rat 370 of Litter I, the 
daily dose for each animal being divided into two portions. Two 
control animals were injected subcutaneously at the same time 
with the same volume of physiological saline. The growth curves 
of these animals are presented in Chart IL, while the average daily 
food consumption for each rat is given in Table I. 


SUMMARY 


The results obtamed in this study demonstrate that glutathione, 
Whether administered orally or injected subcutaneously, is able to 
support the growth of animals on a eystine-deficrent diet, thus 
indieating the that evstine or evsteine may be liberated 
from this tripeptide during metabolism. 
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STUDIES IN HISTOCHEMISTRY 


IX. THE QUANTITATIVE DISTRIBUTION OF VITAMIN C IN THE 
ADRENAL GLAND AT VARIOUS STAGES OF DEVELOPMENT 


By DAVID GLICK saxo GERSON R. BISKIND 
(Prom the Pathological and Research Lahoratorie a of the Mount Zion Hospital, 


San Frane: ecu) 


2 
(Received for publiestion, June 2). 1006) 


In a previous investigation (1) a correlation was made between 
the quantitative occurrence of vitamin C and the histological 
structure in the various regions of the adult bovine adrenal. 
From these data it was possible to estimate the quantity of vitamin 
( per cell in the different types of cells present. The present 
study is an extension of this work to inelude strictly analogous 
investigations on the bovine adrenal at various developmental 
stages starting with the 6 month fetal, and finishing with the ealf, 
gland. It was found that it was not practical to study glands 
from those fetuses vounger than 6 months because of their smaller 
size and very thin cortex, 


EXPERIMENTAL 


The procedures employed for the measurement of the vitamim C 
by titration with 2.(-dichlorophenol indophenol, the histological 
control work, and the cell counting technique were identical with 
those emploved previously (1), with the exeeption that 2 per cent 
metaphosphorie acid (2) was used for the extraction of the vitamin 
( rather than 9 per cent acetic acid. 

The results are represented by Text-fig. 1. The data, from 
which the points were obtained for the curves of the number of 
cells per section, are given in Table 1. The curves presented are 
considered typical, since they are essentially the same as those 
from parallel studies on several glands in each of the age levels 
investigated. 
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Histological Changes at Various Ages 


Figs. 1 to 4 show that the cortex in four periods is distinetly * J 
demareated from the medulla and undergoes a progressive increase 
in size. The most active developmental changes take place in 
the glomerulosa. In the voungest gland it ts represented by cells 
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of vitamin C per cell in the adrenal gland at various developments 
represents glomerulosa; F. fasciculata; WV. medulla: ¢ 


mixture of Gand F; F-M, mixture of F and M 


arranged in simple ares which straighten out to form the parallel 
strands of the fasciculata. This looping becomes more complex 
with age and finally in the calf the cells are compactly arranged im 
a glomerular pattern much like that of the adult. As the gland 
gets older the fascicular strands increase in length, and in the ealt 
the innermost zone approaches the reticulated appearance of the 


adult. The medulla in these periods is composed of an outer zone 
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Cell Counts in Various Portions of Adrenal Gland 


The readings represent the number of cells per 0.072 


of stained tissue. 


Volume of slices titrated: 415 mA, except for the 0) em. fetus which was 


$44 red 
Source of tree ue (‘ell counts 
Mem. fetus 
bascteulata 12, 12>, 145, 12%, 141, 
Medulla 71. 138. 148, 137, 128, 
Shrinkage faeter (1.16) 
40 fet 
CGilomerulosa 106, 107, 108, 119, 
basciculata pool, 242, 242. 
Medulla Pit, 125, 14s, 
Shrinkage factor 12). 
tisste 
Miem. fetus 
bascieulate 123. 117, 122, 124 
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of compactly arranged cells showing an intense chromaffin reae- 
tion, and an inner zone in which there are seattered cells that later 
differentiate into adult cells of the sympathetic system. This dif- 
ferentiation has taken place in the calf. Numerous sympathetie 
nerves and dilated veins and sinusoids are present in the inner 
portion of the medulla at all stages. 


Vitamin C Changes at Various Ages 


examination of the curves of the concentration of vitamin © in 
the various regions of the adrenal gland (Text-fig. 1) shows in all 
cases maximum values in the fascicular region of the cortex. Sinee 
there is no reticular zone in the glands at these age levels, and an 
absence of a less dense region in the fascicular zone, these curves 
have a shape different from that given for the gland of an adult 
animal (1), which has both the reticular zone and the less dense 
fascicular region. 

Variations in the relative size of the cells in the different portions 
of any gland account for the lack of a consistent shape for the 
curves of the number of cells per section. However, the general 
trend of these curves is to fall to a lower level with increasing age 
of the gland because of the enlargement of the cells with develop- 
ment. The shape variations in these curves are not great enough 
to disturb the character of the other curves representing the 
quantity of vitanun © per cell, all of which have the same general 
rhape. These latter bottom curves represent the ratio of the 
upper to the middle curves, and it may be seen that with increas- 
ing age there is a rise in the amount of vitamin C per cell, This 
ix the result of two additive factors which enter as development 
proceeds the mereasing size of the cell<, and the increasing con- 
centration of the vitamuan. 

bxamination of comparable data in the adult animal (1) shows 
an extension of these tendencies, The number of eclls per section 
was lower, hence the size of the cells greater, and the quantity of 
Vitamin C per cell was greater than in the calf gland. This latter 
effect existed in spite of the fact that the concentration of vitamin 
(* was lower in the adult than in the ealf gland. 

The differences in the distribution of vitamin C in the cortex 
may be explained by the fact that connective tissue-like cells in the 
capsule differentiate to form glomerular cells which continue their 
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growth inward to form the fasciculata and finally die in the re- 
tieularis (3). The fascicular cells which have the greatest store of 
the vitamin probably have the greatest functional activity. Ap- 
parently the aetively growing glomerulosa cells store less of the 
vitamin 


StUMMAKY 


The quantitative distribution of vitamin C, and the number of 
eclls per unit volume throughout the various regions of the bovine 
sedrenal have heen determined at developmental stages 
from the G month fetus to the ealf. From this the quantity of 
vitamin © per cell was estimated for the different types of cells 
present 

The faseieular region of the adrenal at all stages of development 
contained the highest concentration of the vitamin. The medulla 
and ghanerular zone contained concentrations of the same order 
of magnitude. The comecnutration increased in all regions with the 
development of the gland, reaching a maximum in the calf and fall- 
ing off in the adult animal. Both the size of the cells and the 
quantity of vitamin per eell inereased regularly from the fetal 
to the adult stage of the antnal 


2 Fujita, A.. ane Iwatake, Biochem. Z.. 377, 205 (1985) 
4. Zwemer, R. L.. Am. J. Path., 18, 107 (1046) 


EXPLANATION OF PLATE 2 


bias ~entative cross-section of the adrenal giana of a em 
fetus; 25.5. G represents glomerulosa; F, fasciculata; medulla 

kia. 2. Representative cross-section of the adrenal gland of a 75 em 
fetus; *& 24 Phe meaning of the letters i« the same as for Fig. 1. 

3 ntative eross-seetion of the adrenal gland of erm. 
fetus: ~« 25.5. The meaning of the letters ix the same as for Fig. 1. 


bia. 4. Representative cross-section of the adrenal gland of a ealf; 
Phe | the lette r= is the for big 
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THE MULTIPLE NATURE OF THE THIRD FACTOR OF 
THE VITAMIN B COMPLEX 


Ky LEPROVSKY, THOMAS H. JURES, saxo MYRTISE FE. 
KRAUSE 
(From the Du nme of Poultry Hushandry, College of Agriculture, University 
of California, Berkeley and Daris) 


(Reeeived for publication, June 6, 1996) 


The availability in erystalline form of both vitamin B and vita- 
min G Cllavin) has enabled the deficiencies resulting from a lack 
of these factors to be fairly well characterized. Much confusion, 
however, exists with regard to the “third factor,” or residuum 
necessary in addition to vitamins B and G (flavin) to complete 
the vitamin B complex. Investigations have been made of the 
relation of the third factor to the prevention or eure of pellagra 
(1), black tongue (2 4), rat dermatitis (2, 5, 6), and the dermatitis 
caused by feeding chicks a heated diet of natural foodstuffs (7, 8) 
and referred to in this paper as “chick dermatitis.” In many of 
these investigations fullers’ earth has been used as an adsorbent 
for fractionation. Some of the results obtained with fullers’ 
earth adsorbates and corresponding filtrates are shown in Table 
I. Sometimes the material adsorbed by fullers’ earth has been 
led as an eluate 

Table L shows that adsorbates and filtrates have both been re- 
ported effective for the prevention of canine black tongue and rat 
dermatitis. Only filtrates have been found to eure chick der- 
matitis, The probability of a single factor being involved is 
therefore less in the case of canine black tongue or of rat dermatitis 
than in the ease of chick dermatitis. 

The present communication shows that the dual nature of the 
third factor may be demonstrated by fractionation with fullers’ 
earth. It has been found that vitamins B and G (flavin) mar 
be remily removed from a solution such as an nqueous extract of 
rice bran by means of a relatively small amount of fullers’ earth 
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Further treatments with fullers’ earth remove, much less readily, 
a third factor (13), related to the prevention of rat dermatitis. 
There remains in solution another factor, the “filtrate factor” 
(14), which prevents chick dermatitis. For convenience, the 
factor preventing rat dermatitis will be referred to as Factor 1 
and the filtrate factor, preventing chick dermatitis, as Factor 2. 
With the recognition of two factors other than vitamin B and 
vitamin G (flavin), it also seemed of Mnportance to examine the 
source of vitamin B (SS per cent alcoholic extract of white corn) 


Activity of Fullera’ Karth Adaorbates (or Their Eluates) and Corre spond ng 
Filtrates in Prevention or Cure af Dermatitia Due to Defi encey «al 
“Third Member™ af Lifamin B Complex 


= 
Canine black tongue Yeast + (9) 
Rice polishings + (1) 
Liver (3) + (3) 
Rat dermatiti« Yeast + (11) + (12) 
Wheat germ + (133) 
Chick dermatitis Rice bran ° + (S) 
Liver (7, 8) + (7, 
Whey (14) + (15) 


The figures in parentheses represent bibliographic eltations 
Present investigation 


used by Goldberger and Lilhe (11), to characterize, if prerssatole , the 
nature of the deficiency encountered by these workers 


ELAN PELERIMENTAI 
lhods 


The basal diet for rats consisted of sucrose 59 parts, casein 27, 
lard 10, Salt Mixture 185 (16) 4, and 2 drops daily of cod liver 
oil.! After 10 days on the basal diet, daily supplements were fed 
of 6 units of a vitamin B concentrate? and 40° micrograms of 


t The cod liver oil was furnished by Mead Johnson and Company, Evans- 
ville, Indiana, by eourtesy of Mr. Masterman 

? Furnished by Dr. -imer H. Stuart of The Lilly Research Laboratories, 
Indianapolis. We are especially grateful for this gift, without which the 
work would have been impossible 
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erystalline vitamin G (lactoflavin).’ The supplements were ap- 
parently free from the third factors. The diet* and technique 
used with chicks have been deserthed elsewhere OS, 14). 

Factor Ll was prepared as follows: 100 ce. of concentrated aqueous 
rice bran extract (S),? found by assay to contain about 50 inter- 
national units of vitamin B per ce., were diluted with 3 volumes of 
water and shaken with 50 gm. of fullers’ earth to remove vitamins 
Band G. The first adsorbate was rejected, and the filtrate was 
treated again with fullers’ earth to give a second adsorbate. The 
second adsorbate was eluted with 750 ec¢. of 0.2 N barium hy- 
droxide solution. Sulfurie acid was added to bring the eluate to 
a pH of about 8.5, and the solution was then concentrated under 
reduced pressure to a thin syrup, which was precipitated several 
times with methanol to remove inert matter. The resultant 
solution was freed from barium by the addition of sulfurie acid, and 
concentrated under reduced pressure. 

Factor 2 was prepared by diluting 100 ce. of liver extract (17) 
with 3 volumes of water, and shaking with 40 gm. of fullers’ 
earth” This treatment with fullers’ earth was repeated five times. 
The final solution was concentrated under reduced pressure to the 
original volume. Similar concentrates were prepared from rice 
bran extracts. 

An aleoholic extract of white corn was prepared by shaking 170 
kilos of corn for | hour with 150 liters of 85 per cent aleohol and 
filtering in a filter press. The clear filtrate was concentrated 
under reduced pressure to about 12 liters, dried on 4.25 kilos of 
corn-starch, and ground. Lumps of zein were present, which were 
discarded because they could not be readily ground. As a souree 
of vitamin B, 10 per cent of this material was incorporated in the 
basal rat diet te replace an equal amount of sucrose 


ults 


big. 1 shows the growth obtained when Factors Land 2 were fed 
eparately and together to rats already receiving vitamins B and 


ter thre \ ituls Prewluets, of San branectace, fer the 
vitamin G concentrate from which ervetalline vitamin G Claetoflavin) was 
prepared, and for the rice bran extract 

‘Casein was generously supplied by Mr. J. Chrisman of the California 
Milk Products Company, Gustine, California. 

* Some of the liver preparations were made from liver extract (17) kindly 
prepared for us by Dr. F. Fenger of Armour and Company, Chicago. 
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G (flavin). Addition of kactor 2 alone resulted im stow growth, 
and the rats developed an acute dermatitis (hig. 2). The paws, 
ears, area around the mouth, and, at times, the evelids, were 
affected. If Factor 1 was added at this stage, growth was quickly 
restored, and the dermatitis was cured. The respotmee te bactor | 
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bia. 1 fect of Factors 1 and 2 on the growth of rats fect on basal chet 
supplemented with vitamins Band Caetoflavin 
addition of 0.1 ec. of Concentrate supplying bactor I: 7 todpeates 
daily addition of O.1 ec. of Concentrate supplying Factor 2; 2) 
cates the appearance of dermatitis Rat< on the basal cloet clad mot velop 
dermatitis On the basal diet plue Concentrate KOO an acute dermatitis 
developed ia. 2) This was cured by Coneentrate his (dn the 
cliet plus Concentrate K-48, the evelids became «wollen and were stuck slut 
The eves were watery and the nose was inflamed. Concentrate hw ecured 
these svmptoms. bach of the <x growth curves represents two rats, with 
the exception of the basal diet curves, which represent three rats and fin 
rats respectively. Only two of the five rate represented by the second 


basal diet curve survived to the end of the experiment 


Was prompt and striking. Addition of Factor alone not 
permit growth, and some of the rats «le veloped “wollen 
which tended to stick together, The eves were watery and the 
nose was inflamed. Factor 2 restored growth and prevented 
or cured this eve condition when fed at this pomt. The 
respotise to bactor 2 was not rapid Without the scddition 
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Vitew developed 


2. due te lack of Faeter I The rat <hows clermatitis 


trate baeter 2 


of Comeentrate <upplving Factor 2. and Concentrate 


supplying Faeter upen the growth of chicks fed a heated diet 
Ten ehieks were used in group. Curve A, basal diet plus 
et plas Lit per cent of Concentrate Wh; Curve ecliet plas 1.3 per 

tot Conmeentrate WeIS: Curve DD chet The <vindrome seore (S) 
¢ the ered cof the Lb tes? Pheer wt up represented bw Curve 


? thee eve on when added te the heated 
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readily cured chick dermiatiti< and restored growth when added 
to the heated cet Thus chick dermiatiti. was « bey 
bactor Whitehy sow te rat 
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With embers of the vitamun 
follows 
bactors amd 2; Curve | diet, Curves lte 7 are 
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containing Factors 1 or 2, either separately or together, did not 
produce growth significantly greater than that obtained on the 
basal diet. Addition of vitamin G (Clactoflavin) alone was sim- 
larly ineffective. However, when vitamin G was added in addi- 
tion to Factor 2, or to Factors | and 2, excellent growth was 
obtained. Vitamin G plus Factor 1 gave fairly good growth. It 
appeared that the deficiency in the diet was primarily that of 
vitamin G (flavin). It is diffieult to explain by these results the 
rat dermatitis which was observed by Goldberger and Lilhe. 
The acute symptoms deseribed by these workers did not appear 
in the present investigation, but the rats developed a dermatitis 
<tnilar to that eaused by a deficieney of vitamin G (flavin) (18). 
It is possible that the corn used in these experiments was richer in 
Factor 1 than the corn used by Goldberger amd Lillie. It may 
also be that the experiment was not continued long enough for the 
ley of acute sVinptotis. 


DISCUSSION 


It is difficult at present to correlate the recent reports on the 
Vitamin B complex (2, 3, 5, 6, 19). It is therefore thought ad- 
visable to limit the discussion principally to the observations 
made in the present investigation. 

The separation of the third factor into two components makes it 
apparent that there are at least four components in the vitamin B 
complex. The search for other possible members of the complex 
is facilitated by this characterization. 

The apparently uncomplicated nature of chick dermatitis, 
caused by a heated diet (7), was of great help in the present work. 
At the beginning of the investigation extracts contaming Factor 
2 free from Faetor Ll could not be shown to have any biological 
poteney with rats, but lielogical potency could be readily shown 
with chicks. Onee such extracts were obtained, the basis was 
laud for obtaining Faetor 1, free from Faetor 2, by means of rat 
tests. Preparations containing Factor 1 could then be assayed 
with rats whose diets were supplemented with extracts containing 
kactor 2 free from Faetor 1. Such diets produced acute der- 
matitis, cured by preparations contaming Factor 1. Verification 
of the tact that preparations of Factor 1 were free from Factor 
2 could be made by showing that these preparations, although 
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potent in the eure of rat dermatitis, had no effeet on chicks when 
fed in conjunction with the heated diet (7, 14) 

It is appropriate to mention some additional experimental 
details in fractionation: (a) Liver extract is relatively easily freed 
from Factor 1 by shaking with fullers’ earth. (6) Rice bran ex- 
tracts are not always freed from Factor | by this treatment. 
(c) Crude fullers’ earth eluates prepared from ree bran often are 
heavily contamimated with Faetor 2, as shown by chick and rat 
tests. This mav be due to difficulty in washing adhering liquors 
from the fullers’ earth, or to slight adsorption of Factor 2 and 
subsequent concentration. (4) Charcoal gives such discordant 
results that its use has been abandoned for the present. (+) 
Coprophagy has sometimes interfered with rat eXperiments 
Dermatitis would sometimes clear Up Sporntaneausiv in some rats 
The =kin condition, however, mever completely 
nor Was there anv appreciable restoration of growth 

The riments with a vitamin B econeentrate smular to that 
used by Goldberger and Lalhe indicated that these workers en- 
countered a multiple The which thes 
described (11) confirm this indication. In the present unvestiga- 
tions, the good growth obtaimed with rats (hig. 4) on the Gold- 
berger vitamin preparation, when supplemented with vitamun 
Gi (flavin) plus Factor 2 alone, or even with vitamin G plas Factor 
l alone, contrasts with the poor growth obtamed with rats on the 
Lilly vitamin B preparation, when similarly supplemented 
(hig. 1). The results indieated that the Goldberger vitamin B 
supplen ent furnished traces of the third tactors, particularly 
Factor 1. [tis evident, however, trom Fig. 4, that the third tactors 
did not mmprove the Goldberger diet unless vitamin G (flavin 
was added. Apparently, therefore, the primary defierency en- 
countered by Goldberger and Lillie was that of vitamin G (flavin) 

The tactor referred to in this communication as Factor | pre- 
sumably corresponds (;vorgy = “vitamin (avorgy 
and coworkers have defined “vitamin Be” as “that part of the 
Vitamin B complex which ts responsible for the cure of the specie 
dermatitis developed by young rats fed on a vitamin B-tree chet 
supplemented with purified vitamin and lactoflavin’’® (13). 

* Their definition does not provide for the multiple nature of the “third 


factor’ and for the two syndromes brought about in rats by deficiencies 
of its respective components 
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Factor 2 is “vitamm B” of Elvehjem and Koehn (7) (the filtrate 
factor (14)) 


SUMMARY 


1 An investigation was made of the “third factor,” which is 
necessary, in addition to vitamins Band G (flavin), to supply the 
requirements of the rat for the vitamin B complex. 

2. The third factor was found to consist of two Components. 
The first of these was adsorbed on fullers’ earth to separate it 
from the second. Detailx of the separation procedure are de- 
sertibed 

3. The first component, Factor 1, prevented or cured an acute 
dermatitis in rats, but had ne effeet on the dermatitis produced 
in chicks by feeding a heated diet of natural foodstuffs (7). 

} The bactor prevented or eured thie 
chick dermatitis, but when fed in absence of Factor 1, aggravated 
the rat dermatitis. Both components were needed by the rat for 
growth. Swmptoms in rats of a deficieney of Factor 2 are de- 
seribed 

5. A study of the defiereney desenbed by Goldberger and Lilhe 
was made by feeding rats an aleohole extract of white corn as a 
source of vitamin Bo The results indieated that the deficiency 
encountered was multiple in nature, but that vitamin G (flavin) 
was the primary factor lacking 


Our thanks are due te WOOK. Miwa for as<iting with the care of 
the chicks. 
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STUDIES OF PHOSPHORUS OF BLOOD 


Vv. A COMPARATIVE STUDY OF ACID AND ENZYMATIC HYDROLY- 
SIS OF THE ACID-SOLUBLE ORGANIC PHOSPHORUS, 
WITH PARTICULAR REFERENCE TO THE 
PHOSPHOGLYCERATE FRACTION 


ity FDONA WARWEG GENEVIEVE STEARNS 


lh peer mr Pediatrics, College of Slate niversity 
oof lowa. (ily) 


About 60 per cent of the phosphorus ot consists of organic 
compounds soluble in dilute acid, the so called acid-soluble organic 
or ester phosphorus. This fraction of blood phosphorus has been 
further separated into at least three components, two of which, a 
~phiate (1S) and a phosphoglvecrate 10), have been 
isolated from: blood. The remainder is thought to be composed of 
OF Tore hexosephosphates (I, 13). 

The above compounds have been studied also by means of their 
relative rates of hvdrolvsis, either with acid or with CHUZV THES. 
It has been shown that the pyrophosphate Is completely hy- 
drolvzed by boiling acid within 7 to 15 minutes (2, 14-17), that 
fraction is less readily hydrolyzed (16, 17), 
amd that the phosphoglycerate is very resistant to hydrolysis 
4 10 Unfortunately, conditions chosen by the various investi- 
gutors have varied se widely that considerable uncertainty still 
exists, particularly in regard to the relative rates of hydrolysis of 
the hexosephosphate and phosphoghveerate fractions.  Investiga- 
cot tha hverolyst- agree: only in that all the phosphorite 
esters can be split to some extent (10, 18-23). 
It seemed advisable, therefore, to study the complete hydrolysis of 
the ester phosphorus fraction of blood under controlled and 
readily reproducible conditions. The hydrolysis of phospho- 
glveerate isolated Prom and of the commercial products 
Jglvecrophosphate and hexosediphosphate Ccandiolin) was studied 
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under the same conditions as was blood. The commercial prep- 
arations mentioned serve as readily available controls. 


EANPEEIMENTAL 


Normal adults were used to furnish the blood filtrate for the 
Investigation. Into SO ce. of ice-cold 4 per cent trichloroacetic 
acid ina 100 ce. volumetric flask, blood was allowed to run directly 
from the vein to the volume mark. Thus no anticoagulant was 
necessary and this concentration of trichloroacetic aad, while 
adequate for precipitation of the protein at the temperature used, 
Was sufficiently low to avoid the inhibitory effeet of the trichloro- 
acetate ions on enzyme hydrolysis (23). Phosphoglycere acid, 
as the barium salt, was obtained from pig blood according to the 
method of Greenwald (9) and converted into the sodium salt 
which is readily soluble in water. The hexosediphosphate' and 
8-glvcerophosphate were commercial preparations. 

The solutions of phosphoglycerate, hexosediphosphate, and 
8-glycerophosphate were made to simulate the blood filtrate as 
Closely as possible. Beeause sodium sulfate was a contaminant of 
the phosphoglveerate and affects the rate of hydrolysis, 
it was added in equal concentration to the other solutions. 100 
cc. of each solution contained 4 to S mg. of organic phosphorus, 
O5to 10 ot phosphaortus as sodium hydrogen 
phosphate, 4 mg. of sodium sulfate, and 3.2 per cent of trichloro- 
acetic acid. Aliquots of these solutions, the blood filtrate, 
phosphogl yes rate, 3-glvecrophosphate, and hexosediphosphate 
were used ino all subsequent expernments, both acid and enzyme 
hydrolysis. 

For acid hydrolysis, hard glass test-tubes, 250 20> mm., 
graduated at 10 and 20 ee., were fitted with small glass con- 
densers. The condensers, ground to fit the tubes, served as 
stoppers, preventing evaporation and eliminating the possibility 
of increased pressure which occurs when tubes are sealed and 
Immersed in boiling water as advocated by some investigators. 
2 ec. aliquots of the solutions under investigation were pipetted 
into test-tubes, 0.5 ce. of LON sulfuric acid added to each, and the 


walls of each tube washed down with exactly 2.5 ec. of distilled 


' Provided through the courte =\ of the Winthrop (Chemical Com- 
pany, Ine 
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water. The condensers were fitted and the tubes were placed 
ina Water bath heated to 100° by means of an electric plate. The 
bath and electric plate were large enough to keep the temperature 
constant. At definite time intervals, tubes were removed, cooled 
in ieed water, and the phosphorus determined (24). The total 
phosphorus in the solution, the inorganic phosphorus at zero time 
and at the chosen time interval were determined throughout all the 
experiments according to the method given in previous publhea- 
tion (25). From the total orgamie phosphorus and the inorganic 
phosphorus formed from it during the course of acid hydrolysis, 
the per cent of hydrolysis at a given time was determined. 

For enzyme hydrolysis, phosphatase was prepared from lamb 
kidney according to the method recommended by Kav (26), the 
enzyme being extracted from kidney by grinding with sand and 
water saturated with chloroform. The activity of the phos- 
phatase thus prepared was standardized (26), 1 unit being the 
amount of enzyme whieh at 38° in Sérensen’s buffer at pH 8.9 
liberates Toimg. of phosphorus from excess 3-glycerophosphate in 
2 hours. The extract of phosphatase was diluted to contain 150 
units per LOQ ee. and the same concentration of enzyme was used 
throughout all the experiments. The activity was checked during 
each experiment since phosphatase is not stable. 

enzymatic hydrolysis was carried out at pH S.S, which has 
heen reported optimal for kidney phosphatase (19, 26, 27), and 
also at pH 7.4 to approximate the pH of the blood. The pH of 
the substrate to be used, blood filtrate, phosphoglycerate, 3-gly- 
cerophosphate, or hexosediphosphate was adjusted first with solid 
NaOH, then an equal volume of sodium diethylbarbiturate buffer 
solution (2S) of the desired pH was added, and the resulting solu- 
tion well mixed. In each of the series of tubes were placed 10 ce. 
of the substrate buffer solution, 1 ce. of phosphatase extract, and 
lL drop of chloroform. Two tubes of solution were used as con- 
trols, and the remainder were stoppered and placed in an incuba- 


tor, kept at exactly 38°. The contents of the control tubes 


were treated immediately with 4 ce. of 10 per cent trichloroacetic 
acid and filtered. Total phosphorus and inorganie phosphorus 
were determined in duplicate on samples from each tube, cor- 
rection being made for the phosphorus present as an impurity in 
the phosphatase extract. At each desired interval of time, two 
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tubes were removed from the incubator, the phosphatase in the 
solution precipitated by the addition of trichloroacetic acid, and 
the inorganic and total phosphorus determined on aliquots of the 
filtrate. rom the total organic phosphorus and the imorganic 
phosphorus formed by the action of the CHZVInG Of the organic 
phosphorus, the per cent of hydrolysis was determined. —Lexperi- 
ments were conducted in this way for all solutions at both pH 
S.8 and pH 7.4. 

In these investigations with phosphatase, effort was made to 
carry out the experiments under comparable conditions rather 
than under optimum conditions; hence, from the data one cannot 
state the hydrogen ton or salt concentration most favorable for the 
phosphatase activity on a particular substrate. The concen- 
tration of trichloroacetate ton during the time the enzyme was 
active was 1.4 per cent, a concentration below that found to 
inhibit the activity of the enzyme (23). Magnesium has been 
reported to alter the activity of phosphatase (27, 29, 50) but the 
magnesium content of the solutions studied was not determined, 
inasmuch as it would probably be approximately the same on all 
of the solutions. These solutions contamed a relatively high con- 
centration of sodium sulfate. This salt has a retarding effeet on 
phosphatase, as Was determined hy comparing the relative rates 
of hydrolysis of solutions containing varving amounts of sodnim 
sulfate. 

In agreement with most investigators, we did not find phospheo- 
creatine in blood. No difference was observed in the morgane 
phosphate content of blood whether the blood was allowed to flow 
into iced trichloroacetic acid and the determination carned out 
unmediately, or whether trichloroacetic acid was added at room 
temperature and the resulting mixture allowed to stand tor 1 to 
20 minutes before filtering. In a trichloroacetic acid solution, 
pyrophosphate apparently does not disintegrate into the morgane 
ortho form during this time. The total phosphorus and tnorgame 
phosphorus values of both the warm and cold solutions were the 
same; therefore phosphocreatine was considered absent from: the 


blood. 

The results of the hydrolysis of blood filtrate, phosphoglycerate, 
hexosediphosphate, and £-glycerophosphate with N sulfuric acid 
at 100° are shown in Chart I. Boiling blood filtrate with acid 
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induced a very rapid breakdown of the orgamie phosphorus com- 
pounds during the first 10 minutes. The 11.4 per cent split 
within this time probably represents, principally, the cleavage of 
pyrophosphate. After this initial rapid hydrolysis, the rate de- 
creased progressively until the 12th hour. Then hydrolysis 
proceeded at a slow but constant velocity, indicating that all the 
organic phosphorus compounds in the blood filtrate are destroyed 


BL.000 FILTRATE 


PHOGPHOULYCERATE 


ROLYSIS 


i i i i 


O25 72 % 
TIME IN HOURS 


(nant I The hydrolvsis of the phosphorite esters of blood filtrate, of 
blood phosphoghveerate, of and of hexosediphosphate 
with ~ TLSO, at 100°” 


by the 12th hour with the exception of one which is fairly resistant 
to aed. Aecording to the literature, this compound is said to be 


a phosphoglveerate. 

The rate of hydrolysis of the phosphoglycerate isolated from 
pig blood was identical with that of the blood filtrate after the 
latter had been hydrolyzed for 12 hours. After this time, the 
organic phosphorus remaining in the blood filtrate and the phos- 
phoglveerate undissociated after 12 hours of acid treatment are 
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broken down in the same manner by further hydrolysis. ‘This is 
shown in Chart II. The similarity of the two compounds can be 
most clearly demonstrated by analyzing, from the standpoint of 
chemical kinetics, the hydrolysis rates of the phosphogiveerate 
isolated from pig blood and the organie phosphorus compound 
remaining in the filtrate from human blood after 12 hours hy- 
drolysis. The time required to complete a certain fraction of a 
reaction is dependent upon the order of that reaction. If the 


SOF 
> 
©O BLOOD FILTRATE 

> 40 + + PHOSPHOGLYCERATE 
Lad 
ws 20F 
re 

i 

12 36 60 84 


TIME IN HOURS 


( HARI The hvare of the | filtrate 
and of the phosphogls cerate ith if ™ 1M) matter bye is. pre- 
liminary acid hydrolysis 


order of the reaction is monomolecular, the value of A, the velocity 
constant, is independent of the initial concentration and the 
formula dr/dt = K(A—.) can be used. By this formula, the 
average A for the phosphoglycerate isolated from pig blood is 
0.0251. The formula does not hold for blood filtrate until after 
the 12th hour (Table 1). From then on, A is 0.0253, showing 
that the compound left in the filtrate from human blood after 12 
hours hydrolysis is identical with the phosphoglycerate actually 
isolated from pig blood in that both compounds apparently 
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hvdrolyze ina monomolecular manner. The order of these reac- 
tions may be shown graphically also. Plotting the log of the 
concentration (A r) against time should give a straight line if 
a reaction is of the first order. A straight line is obtained by 
plotting the data from the acid hydrolysis of the phosphoglycerate 
isolated from: blood. The data for blood filtrate after the 12th 


| 
Velocity Constants of Hydrolysca of Phosphoric Esters of Blood Piltrate 
ane of Phos phogl yeerate As Determined by the Pormata, 
dridt = K(A 


ly 
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hourot hwdrolvsis not only give a straight line but the line parallels 
that given phosphogiveerate (Chart IED). 

The above results demonstrate that both the isolated compound 
amd the acid-resistant compound of human blood seem to be 
identical and that their hveroly BOs proceed in the same manner 
ax would the hvelrolysis ol a ronephosphie ester, Greenwald 
(9) concluded from chemical analysis that the phosphoglycerate 
isolated from pig blood contained 23 per cent of phosphorus and 
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was a diphospho ester. Chemical analysis of the substance used 
in the studies reported herein was unsatisfactory because of the 
difficulty in drying it. If the phosphoglycerate is a diphospheo 
ester, as the chemical evidence of Greenwald indicates, the mono- 
molecular character of the hydrolwsis suggests that the two 
phosphoric are split off at Ap lv the same 


rate. 
PHOSPHOCLYCE RA 
s 
+ 
FILTRATE 
0 12 24 48 72 
TIME IN HOURS 
The order of the reaetoon of the cof 
phosphoric esters of blood filtrate and of blood phosphoglvecrate as det 
plotting the log of the concentration (C1 r) tine 


The amount of phosphoglycerate normally present in human 
Dirt may be determimed trom the hydrolysis rates of the blood 
filtrate and of the phosphoghveerate from the blood The hv- 
drolvsis rates of the two solutions have shown that a si ule 
phosphors compound is lett on filtrate after 12 hours sen 
hvdrolvsis, this compotnd split nt a constant rate te 
the rate ol ‘ len nge ol phosphogives rate, ana thet the compote 
will react to acid from the beginning ot hvdrolvsi- na wav iden- 
tical with the phosphoglveerate. Thus, from the amount of 
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phosphorus left in the blood filtrate at any interval of time during 
the course of hydrolysis, after the 12th hour, and the amount of 
phosphoglycerate remaining unchanged at the same interval of 
time, the per cent of blood phosphorus diffieultly split with acid 
can be determined. For example, if the ratio of undissociated 
organic phosphorus at 48 hours to the undissociated orgame phos- 
phorus at zero time is the same in each solution, then the ratio for 
pure phosphoglycerate is 20.6:100 (Table 1) and the ratio for 
blow filtrate must be 20.3:N or 20.3:68.5. Bloods from forty- 
five normal human adults were studied and the per cent of hy- 
drolvsis determined at various intervals of time after 12 hours. 
An average value of 6S per cent phosphoglycerate phosphorus was 
observed, with a range of 62 to 75 per cent. 

Jost (10) has reported joto SO per cent of phosphoglveerate ink 
human blood, Kay and Robison (IS) 64 to S6 per cent, Bomskoy 
(17) 56 per cent, and Greenwald (9) 22 per cent. The method 
of obtaining these values has been different in cach ease. Green- 
wald isolated the material as the barium salt and Jost isolated the 
brucine salt. Ineomplete isolation or mneomplete separation of 
the various insoluble organic phosphorus compounds would intro- 
duce error. Bomskov, using acid hydrolysis, assumed that all 
the organic phosphorus remaining after 3 hours was probably it 
phosphoglycerate and that none of it was attacked during the 
3 hour period. Kay and Robison considered the fraction resist- 
ant to enzyme hydrolysis pli SS to be the phosphogiveerate, 
but Roche (19) has shown that no phosphorus compound in the 
blowd is absolutely impervious to some action by phosphatase. 

Assuming that about 6S peer eent of the organic phosphorus in 
blow! filtrate is in the form of phosphoglycerate and that the 
pyrophosphate Is destroved within blood from 
adults containing an average of 21.2 me. of ester phosphorus per 
100 ee. (25) could be fractionated into 6S per cent or 14.4 me. 
at phosphoglveerute phosphorus per cent or 24 mg. of 
pyrophosphate phosphorus (Table 1). The remainder, 10.6 per 
cent or 4.4 mg., would be the fraction at present designated as 
hexosephosphate phosphorus. Mai (13) and Lawaezek (31) found 
about L per cent hexosephosphate in blood. Such a method of 
fractionating the orgame acid-soluble phosphorus compound of 
blood is subject to some error and the method has been tried only 
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with blood of normal adults, but it may aid in determining gross 
changes in the ester fraction of blood in diseases wherein the 
phosphorus metabolism is altered. 

The rate of hydrolysis of the §-glycerophosphate was much 
slower than that of the blood phosphoglveerate ; the commercial 
hexosediphosphate was completely hydrolyzed within & hours, the 
“hexosephosphate” fraction of the blood, within 12 hours 


Enzyme Hydrolysis 


The hvdrolvsis rates of the compounds possibly present in 
blooad filtrate were determined also by means of phosphatase. 
(Charts ay and \ The phosphogiveerate isolated 
Wiis hydrolyzed with much greater facility nt pil than nt 
pH SS.) Asakawa (32) has reported that the optimum pH for 
the hydrolysis of the phosphogiveerate mt 7.7. The 
organic phosphorus compounds of the filtrate also were 
hydrolyzed more rapidly af pl 7.4 but the amount of 
phosphorus berated im the blood “amples as a group varied 
widely, especially alter 21 spite the range of Values, 
it is significant that the esters of each individual blood were 
hvdrolyzed more rapidly at pH S.S during the first 24 hours, 
then more rapidly at 7.4. This suggests that part of the organic 
phosphorus compounds of blood filtrate are more easily broken 
down at pH S.S and that after these particular compounds are 
almost wholly destroved, a compound is left which, like phos- 
phoglvcerate, is more readily hydrolyzed at pH 7.4. The results 
of hydrolysis thus the send hvaroly finelings 
Roche (19) observed that phosphatase from blood will bywdrolyze 
esters and phosphoglveeric nerd nt the cope pil 
The results obtained in the present investigation rene compatible 
with those of Kay (26) who conducted experiments for 3) hours 
and found that the blood filtrate esters were =polit ase 
more easily at pH SS. The results are also compatible with 
the conclusion of King (20) that two groups of esters exist oon 
blowd, one of which is more easily hydrolyzed neutrality 
and the other, in an alkaline medium 

The experiments with phosphatase hydrolysis of 3-glyeero- 
phosphate ane hexosediphosphate confirm the findings of others 
(13, 26, 27, 33). Both commercial compounds are split so much 
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more rapidly at either pH than are the phosphorus compounds 
in the blood filtrate at any time during the course of enzyme 
hydrolysis that the existence of large amounts of these readily 
hydrolyzable substances in blood ts improbable. While investi- 
gations with enzymes have contributed to an understanding of 
the nature of the phosphorite esters in blood, no adequate method 
has been established whereby these esters can be separated. 
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(usnr Phe of the esters of blood filtrate, 
with hudnev phosphatase aft SS) and af pli SN, 


From the previous discussion of acid hwdrolysis, it has been 
demonstrated that heating with destrovs cull 
one organic phosphorus componund in the blood filtrate and that 
isolated from pig bloawd. Blood filtrate hwdrolyzed with acid for 
the 

To test the validity of such a premise, blood filtrate esters were 
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hydrolyzed with acid 24 hours, one aliquot of the solution ad- 
justed to pH. S.S, another to pH 7.4, and subjected to phosphatase 
action as in the original enzyme experiments. At pH 7.4 the 
hydrolysis was more extensive than at pH S.S but at either pH 
the hydrolysis proceeded to 20 percent faster alter preliminary 
wed treatment. This was true despite the high amount of in- 
hilntory sulfate which resulted irom neljusting the pit. 
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Cnart Vv. The hydrolysis of the phosphoric esters of blood filtrate, of 
phospheogl rate. of ol rophosph ats ate! Tr diphosphate 
with kidnes phosphatase at and at pil 


Phosphoglye: rate was treated with acid for 24 hours and then 
with at pil SS and 7.4. Sinularly, hvdreols proceeded 
at pil 7.4 than at pi SS and more remdily at either pli 
alter preliminary acid treatment. The eXplanation tor the 
increased rates of enzyme hydrolysis after preliminary hydrolysis 
with acid is not known. The acid may alter the compounds so 
that the enzyme ean attack them more readily, or if the phos- 
ven rate is a diphosphe ester, the aned aed hay 
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selectively on the two phosphoric acid linkages. The conelusions 
to be drawn from an experiment of such nature are limited but the 
fact that both the isolated phosphoglycerate and the phosphoric 
ester in blood filtrate after heating with acid responded to enzyme 
activity more readily at pIL 7.4 than at pIHES.S supports the belief 
that they are identical compounds. 


SUMMARY 


Blood filtrate containing the acid-soluble phosphoric esters, 
phosphoglycerate isolated from blood, hexosediphosphate, and 
8-glycerophosphate were to acid and enzyme hydrolysis 
under the same conditions of temperature, salt content, trichloro- 
acetate ion and hydrogen ion concentration. 

The hexosediphosphate was destroyed very rapidly and the 
8-glycerophosphate very slowly by acid hydrolysis. 

The acid hydrolysis of the phosphoric esters of the blood filtrate 
proceeded very rapidly for 10 minutes, progressively slower until 
the 12th hour, then at a slow but constant rate. 

The velocity constant for the decomposition of the organic 
phosphorus in blood after 12 hours acid hydrolysis was the same 
as for phosphoglycerate isolated from blood, suggesting that the 
acid-resistant compound in the filtrate from human blood is 
identical with the phosphoglyeerate isolated from pig 
The reaction is shown to be monomolecular; therefore the phos- 
phoglveerate may be a monophospho ester or a diphospho ester 
in Whieh both the phosphorie acid groups are split off at approxi- 
mately the same rate. 

Purther evidence of the identity of the isolated compound with 
that present in blood was shown by comparing the phosphatase 
hydrolysis of each. The phosphoglycerate isolated from pig 
blomwl was hydrolyzed by the enzyme with greater ease at pH 
74 than at pH SS. The organie phosphorus of blood filtrate 
also was hydrolyzed more readily at pH 7.4 after the 24th hour. 
Before that time, the phosphoric esters were split 
easily at pH 

Hydrolysis ot hexosediphosphate cerned 3-glvcerophosphate 
eurred readily at either pH 7.4 or S.S but more rapidly in the 
more alkaline medium. 

The per cent of organie phosphorus in the blood that exists 
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as a phosphoglycerate can be determined by comparing the 
relative rates of acid hydrolysis of the organic phosphorus of the 
blow! filtrate and the phosphoglycerate isolated from blood. 
Pyrophosphate* has been shown to be hydrolyzed byw acid within 
the first 10 minutes. 

By calculation, the acid-soluble or ester phosphorus fraction 
of the blood of normal adults consists of about 6S per cent Loo 
phoglyvcerate phosphorus, with range ot te 40 peer nf. 
approximately 11.4 per cent pyrophosphate phosphorus The 
remainder may be a hexosephosphate. 

This method of fractionation is offered as an aid in the deter- 
mination of gross changes in the phosphoric esters of whole 


blood during health and disease 
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THE ROLE OF DIVALENT METALS IN THE REVERSIBLE 
INACTIVATION OF JACK BEAN HEMAGGLUTININ 


hy JAMES B. SUMNER anv STACEY F. HOWELL 


(Prom the lhe partment of Physiology and Biochemistry. Cornell nive raety 
Medical College, Ithaca) 


(Received for publication, July 7, 1936) 


Concanavalin A, one of the four erystallizable globulins of the 
jack bean, has been identified by us as a hemagglutinin (1, 2). 
This hemagglutinin, the first to be isolated, promises to reveal 
much of interest regarding certain features of protein chemistry. 
It agglutinates the erythrocytes of the horse, rabbit, dog, eat, 
rat, and guinea pig in high dilution; it agglutinates also corn and 
rice starch granules and some emulsified fats. It precipitates 
glveogen and certain mucoproteins. 

We have noted that the ability of concanavalin A to agglutinate 
erythrocytes and starch granules and to precipitate glycogen is 
lost after treatment with acid followed by neutralizing, but on 
standing returns completely, provided the acid has not been too 
concentrated or the temperature too high (3). Owing to the 
ability of concanavalin A to precipitate glycogen in flocks, it is 
rather easy to determine the time necessary for complete in- 
activation by acid at a given temperature and the time required 
for reactivation. Fig. 1 shows the minutes necessary for con- 
eanavalin A to become reactivated sufficiently to floceulate gly- 
eogen after standing at various temperatures with hydrochloric 
acid for different periods of time. Here we added 2 ce. of 0.118 
N hydrochloric acid to 1 ce. (3.2 mg.) of concanavalin A dissolved 
in saturated sodium chloride. For reactivation we added 3 ce of 
a solution containing 2 cc. of O.1 NS sodium hydroxide and 1 ee. 
of 9.6 per cent neutral phosphate. As soon afterwards as possible 
we added 5 ce. of O.1 per cent glycogen. The greatest care was 
taken not to introduce saliva into any of the reagents lest it digest 
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the glyeogen. All solutions were kept atom te raiture wm 
a thermostat bath. 

While coneanavalin A which has net ro 
only 20 to 30 seconds to flocculate glveogen under the nbove 
conditions, reactivation at IS° may require as much as 42 minutes 
after complete inactivation. The curve in Fig. 2 shows the min- 
lites required for reactivation alter concanavalin A is allowed to 
stand with acid at lor 4S ‘The tiva- 
lion Was complete in this ease, ‘Total inaetivation at 30° re- 
quired about 120 minutes and at 25° about SOO minutes, as can be 
told by inspection of the curves in Fig. 1.) Shaking greatly 
hastens the rate at Hoceulation the comennas “lin \ givecgen 


compound and the results varv as much as LOO per cont, depending 


ty 


MINUTES CONTACT 
wiTA 


Whether the tests are shaken often or mot at all and ck 
upon What one ealls incipient flocculation. it is 

solved in O.1 hydrochloric acid, placed in a collodion sack, and 
dialyzed for a day against several changes of distilled water, the 
material loses much of its ability to become reactivated upon being 
neutralized. This change caused by dialysis can be demonstrated 
by testing with glycogen as follows: Place 5 drops of 2 per cent 
acidified and dialvzed coneanavalin A in a test-tube: add LT ee, of 
distilled water sol M sendin acetate to neutralize. 
Mix and allow to stand 15 minutes for renetivation, then add o 


become irreversibly maetivated. te cate will form for 
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nearly an hour. The irreversible inactivation of acidified con- 
eanavalin A cannot be prevented by dialyzing it against sodium 
chloride instead of distilled water. It is not caused by contact 
with the collodion membrane, as can be shown by allowing con- 
canavalin A solution to stand in a beaker in contact with shredded 
collodion membrane 

We collected the outer liquid from dialyzing acidified con- 
ecanavalin A ane nirated it hy botling down \\ Th 
this liquid was added to the neutralized, inactive coneanavalin A, 
renevtivation took could followed! the ability te 
precipitate glycogen and to agglutinate starch granules and ery- 
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Pea. 
throevtes, Complete reaetivation required oO te SO) minutes, 


cle penned thy linly wrate it, Wiis retarded 
if the glveogen was added first. Addition of dilute sodium hy- 
thy concentrated entiter dlinkvsis precipitated 
of the aetive material it color roscopie 
analysis ol the preeipitate showed of enlehim. 
col Analysis ef erude \ ly thie 
reervstallization merensed this to O.O21, two 
ree rvstallizet tons fer three rev rvstallizet bom fo 
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We have therefore tested various dilutions of solutions of the 
chlorides or sulfates of divalent metals with respect to their ability 
to reactivate acidified and dialyzed concanavalin A and find that 
many of them are effective. We have employed the procedure 
described above, in which 1 ec. of the metallic salt has been added 
in place of 1 cc. of distilled water. Arranged in order of their 
effectiveness the metals tested are 


Ca, Mn, Zn, Mg, Co, Ni, Sr, Cu, Ba, Li, Na 


In the middle of the series it is a matter of some difficult y to decide 
upon the order. A solution containing equal normalities of cal- 
cium, INANLANCse, and magnesium is more effective than calcium 
alone. Indeed, a solution containing as little as O03 
Ca, Mn, and My will still produce nu perceptible effect when 1 ce. is 
employed. Here the concentration of each metal is about | to 500 
million. ‘Thus it is seen that the divalent metals normally present 
in preparations of concanavalin A are the most effective among 
those tested, except that zine, Which is not ordinarily present, is 
more effective than magnesium. 

Blank tests will ultimately give a small precipitate with glvcogen. 
This may mean that dialysis has not removed all of the divalent 
metals originally present, that the reagents were not pure, or that 
sodium ions from the sodium acetate have some ability to produce 
reactivation. 

It may be claimed by colloid chemists that the action of di- 
valent ions, such as those of calcium, manganese, magnesium, 
ete., is due simply to their ability to precipitate by neutralizing 
charges on colloidal particles. We do not accept this view because 
reactivation by divalent metals requires time and because calcium 
ions are extremely effective, whereas barium ions have almost no 
action. 

Concanavalin A which has been deprived of its manganese, 
calcium, and magnesium, is probably more soluble at pH 7.0 
than unaltered concanavalin A. Its specific rotation is not 
changed, neither is its rate of migration in an electric field. In 
the absence of divalent metals concanavalin A does not crystallize 
well, and, if sufficiently concentrated, a considerable quantity of 
the protein will separate out in the amorphous state on standing. 
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When one adds salts of manganese, calcium, ete., the concanavalin 
A crystallizes readily. One observes that the better the erystal- 
lization the smaller the volume of precipitate. In one experiment 
we have noted the following order of effeetiveness of metallic salts 
for promoting crystallization, the more effective metals being 
placed first. 


(‘a-\in-Mig mixture, Min, Ca, Meg, blank 


This phenomenon can be connected with the observation made 
by Seott (5) that insulin does not erystallize unless it contains 
traces of certain metals, such as zine, nickel, cobalt, or cadmium. 


SUMMARY) 


Contact with dilute mineral acid causes concanavalin A to lose 
its ability to agglutinate erythroeytes and starch granules and to 
precipitate glycogen. After neutralization the ability of con- 
eanavalin A to agglutinate and to precipitate returns. The rates 
of inactivation and reactivation are hastened by rise of tem- 
perature. 

Dialysis experiments show that the action of acid is to split 
off calcium, manganese, and magnesium. When salts of these 
metals are added to concanavalin A which has been irreversibly 
inactivated by treatment by acid, followed by dialysis, the activity 
of the concanavalin A is completely restored. 

Concanavalin A which has been deprived of its calcium, man- 
ganese, and magnesium does not erystallize readily, whereas the 
addition of salts of these metals allows the protein to erystallize 
in a normal manner. 

The findings described in this paper show that the ash of a 
protein is not necessarily to be looked on as impurity, but that 
proteins may be thought of as composed of an organie part united 
with one or more metals. 


We wish to thank Mr. F. M. MeNall for making a spectroscopic 
examination of the metals in the dialysate from concanavalin A. 

We wish to thank the Sage Research Fund Committee for a 
grant used to conduct this research. 
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PURIFICATION OF THE ANTIHEMORRHAGIC VITAMIN 
BY DISTILLATION 


Ky H. J. ALMQUIST 


at Poultry Husbandry, mire raity of f ‘al fornia Colle qe of 
ullure, Bye rhe le 


(Reeeived for publication, June 24, 1936) 


\ method for the concentration of the antihemorrhagie vitamin 
from alfalfa has been deseribed in a preceding paper.’ It ix the 
purpose of the present report to deseribe results obtained in an 
attempt to purify this vitamin further by distillation under a high 
vacuum. 

An apparatus was set up with a Ceneo Hyvac mechanical oil 
pump amd two glass oi vapor diffusion pumps in series. These 
were connected to a mercury vacuum gage and to a distillation 
vessel, The distillation vessel consisted of a glass evlinder, inside 
of whieh was placed an upright water-cooled glass condenser with a 
fat, circular lower end. This end of the condenser was held at a 
distance of 3.5 em. from the lower end of the glass eviinder, whieh 
was also closed and flattened. Heat was applied to the cistillation 
vessel by means of an oil bath and electrical heating coils. 

\ concentrate prepared as deseribed in the preceding paper! 
Was dissolved in hexane and the solution placed in the distillation 
vessel The solvent was then driven off by applying gentle heat 
ed the pressure reduced hy connection with an aspirator for 
~-veral hours The condenser was then inserted amd the Vesse] 
evacuated by the mechanical and diffusion pumps to a pressure of 
approximately 1) mm. of ereury 

Warming the distillation vessel to a temperature of 40° caused a 
distillation of a colorless oily fraction, all of whieh passed over to 
the foot of the condenser at a temperature below 70°. This frac- 
thon Was about 50 per cent of the erude vitamin concentrate. 

Assays with chicks! revealed that the colorless oily fraction con- 
tamed no detectable amount of the antihemorrhagie vitamin, while 
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the non-distilled residue was adequate as a source of the antihemer- 
rhagic vitamin at a level as low as 1 mg. per kiloof diet. Thi 
residue Was about twice as potent as the original concentrate 

The residue was then distilled further and a fraction consisting 
of a yellow oil was obtained at a temperature of 120° 140° during 
an interval of 2 hours. Assays revealed that this second distillate 
fraction contained the antihemorrhagic vitamin in somewhat 
greater concentration than did the non-distilled residue remaining 
after this fractionation. Further distillation of the residue pro- 
duced more of the vellow oil fraction 

Another preparation of the vitamin concentrate was nade from 
6 kilos of alfalfa meal. O10 mg. of concentrate were obtaimed 
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This was carefully distilled under a high vacuum into three trae- 
tions. ‘The first was the colorless oil distilling at 40 60 It 
amounted to 280 mg. or 46 per cent of the original concentrate, 
The second Wiis it vellow Viscous distilling 120) 14 the 
amount of 230 mg. or 38 per cent. The residue consisted of a 
reddish material which had not distilled perceptibly at 145° alter 
4 hours. This residue contained most of the pigments of the 
original concentrate, probably eurote It amounted ta 
mg. or 16 per cent of the concentrate. 

Assays with chicks were conducted with these [ractions Table 
1). The first or colorless oil fraction gave no ey hlenee of potency 
at 5 mg. per kilo of diet. The second fraction proved sale qunte at 
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0.5 mg. per kilo of diet, the lowest level at which it was tested. 
The residue was not adequate at a level of 3 mg. per kilo of diet 
and gave little evidence of containing any of the vitamin. Hemor- 
rhage “Vinptotis occurred as soon when this residue was fed as 
When none of the vitamin was fed. 

A second preparation of the antihemeorrhagie vitamin, made as 
already deseribed, has alse proved ulequate lor the pres ention of 
all hemorrhagic “Vinptomes at a level of O05 kilo of diet. 

It is evident that the distillation procedure broughe about much 
further purifention of the antihemorrhagie vVitamun, since the 
second distillate was at least 4 times as potent as the original Cot- 
centrate. Such purification is essential to further studies of this 
Vitamin. 

It ix alvo evident that the requirement of this vitamin by the 
chick is not mere than O05 mg. per hilo of diet or O59 miterogram 


per at cliet, 
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ON PROTEOLYTIC ENZYMES 
XI. THE SPECIFICITY OF THE ENZYME PAPAIN PEPTIDASE | 


MAN BERGMANN, LEONIDAS ZERVAS,* ano 
JOSEPH SS. FRUTON 


(Prom thee of The Rocke le ller Institute for Medical Research, 
Ne York) 


(Received for publication, July 1h) 


Papain Peptidase | was designated as that component enzyme 
of papain whieh splits hippurviamide, benzovlisoglutamine, and 
many other <Vithetic substrates and which is inhibited by phenyl- 
hvdrazine (1-3). Papain Peptidase occupies a singular position 
among the proteolytic enzymes for which synthetic substrates 
are known (4). [t is the first enzyme of this group the speetheity 
of which does not rigorously require the splitting of terminal 
peptide bonds, but operates instead in accordance with another 
more complicated principle, 


Structural cific of Papa fi plidase 


Papain Peptidase DT attacks only those substrates which contain 
we peptide the following arrangement. 


CO 


The polar character of this atomie group results in an inequality 
in the two peptide bonds. The enzyme is, in faet, able to split 
only one of the two, namely, the one indicated by the broken 
E 

In membered poorly prepot sand proteins, adjacent peptice 
honds, as shown by formula (1), are present in a manifold repeti- 
tion. Tf stich substrates are subjected to the action of Papain 
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Peptidase I, then, as was shown by our first experiments, the en- 
zyme selects particular peptide bonds from among those present 
for the splitting. The criteria which determine the nature of this 
selective process cannot be described by means of a simple chemi- 
eal formulation. The basis of the nature of the selective process 
may be gleaned from the comparative enzymatic study of suitably 
chosen substrates. A number of such experiments ure reported 
in this paper. 

In the first place, there were studied a number of the simplest 
possible substrates of the general formula (II), in which RCO 
was the benzovl or carbobenzoxy group,’ in order te lets rmine the 
effect of variation of the substituents R’ and R” in formula CID 
upon the velocity of splitting by Papain Peptidase I. 


The simplest compounds of formula (ID) are of course the sub- 
stituted hippurviamides (Ro = RO = Hippurviamide 
iteelf (R” Hb) is split quite rapidly by Papain Peptidase I. 
With our enzyme preparations, =plitting of nearly LOO per cent 
is Obtained in 24 hours at 40°) Substituted hippurviamicdes, inh 
which R” is methyl, isoamyl, or phenyl, were split by the same 
CnZVIne solutions and under the same conditions only to a few 
per cent. Thus, neutral hydrocarbon residues, when acting as 
substituents in the amino group of hippurvlamide, inhibit’ the 
splitting by Papain Peptidase | very strongly. 

In order to extend the comparison to compounds having a 


We have repeatedly split benzovl and carbobenzoxy derivatives of the 
same substance with Papain Peptidase land have been unable to observe 
any marked difference in the velocity of splitting. It appears, therefore, 
permissible to compare the splitting by Papain Peptidase | of the benzoyl 
derivative with the carbobenzoxy derivative of another substance, as long 
as one compares only approximate reaction velocities in an extended series 


of experiments. 
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free carboxyl in the group R” (IL), carbobenzoxvelveviglycine, 
carbobenzoxydighveyighveine, and 
were subjected to enzymatic hydrolysis. All three of these acyl 
peptides are split by Papain Peptidase I with the formation of 
carbobenzoxyglyeine and the splitting proceeds more rapidly as 
the length of the peptide chain in R” is increased. It does not 
appear justifiable to interpret this finding as an indication of an 
inhibitory action of the free earboxyl group on the enzymatic 
hydrolysis. Upon passing successively from hippurvlamide (ILD) 
to hippurvi methylamide (IV) and carbobenzoxyglyeylglycine 
(V), oe. upon the suecessive introduction of methyl and carboxyl 
groups, there results a marked inhibition of the enzymatie hy- 
drolvsis only after introduction of the methyl group buat not fol- 
lowing the carboxylation. 


lil 


Marked decrease in ve- 
locity of splitting 
NH-CH, CO -NH-CH, 
IV No decrease in veloc- 
ity of splitting 
Cu. NH-CHCO NH-CH,-COOHL 
Marked increase in ve- 
locity of splitting 
ONC Hy 


In order further to supplement this series, benzoviglvevighyeine 
piperidide (NI) was synthesized and its enzymatic hydrolysis 
compared with that of carbobenzoxvelvevigiveine. The two 
compounds differ in the facet that (V) contains a free carboxyl 
while (NT) has an acid pipertelicle in the correspond. 
ing position. The piperidide is split much more rapidly by 
Papain Peptidase than is the acid (V). However, in this com- 
parison alse, it would be misleading to attribute the inerease in 
the velocity of splitting to the substitution of the earboxyl group. 
It would be worth while to investigate the replacement of the 
carboxyl by an acid amide 

experiments similar to those with the substituted hippuryl- 
amides were performed with derivatives of carbobenzoxvisogluta- 


mine (VIL). 


| 
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Taste 


H udrolyeais of NSubatitute d Acyulamine Ay id Amide hy 
pl dase | 


The splitting was measured in ec. of 0.01 NS KOT per 0.2 ce 


tion. 1 ce. increase represents 100 per cent splitting for one 
in the synthetic substrates, The test solution was ke yet uf 


in all cases. 


Hydrol yee 


Substrate | -. 
ire. be hie hr- 
(Gelatin te 
Hippurylamide 
Hippury! methylamide 1001s 
Hippurvianilide® 
Hippuryvigiycine piper- 
idide.. 


Carbobenzoxvelvevigiv- 


(jelatin 

{ wlit 

a-amidet 1) i) 

1) th SS 
Carbobenzoxvglutan 

a-methviamide 


x ; 
thy 


|. 


a 
(selatin 
Carbobenzox git amvi- 


* Dad not vointe solution at start of reaction 
of 0.5 ammonia was added. 
alent of 0.5 sodium acetate was added. 


\ 


of test 
plide 
pli ana 


steal ad tas 


ippurie acid 


iw. theory) 


(‘arbols nzoxvalglvevi- 
giveine Glvevigiveine 
( arbobenzoxs trigive 
ylveine in. Digivevlgls 
eine 


glutamic actd 
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CH,-CH,- COOH 


co Ni 
CoO-OCTL CULL, 
Vil 


Carbobenzoxvisoglutamine, like all the other test substances 
Thee before, Is the general formula It 
differs from the hippurvlamides in the facet that it contains as R’ 
an aeidie group with a free earboxvl group. The enzymatie 
cleavage of carbobenzoxvisoglutamine was compared with the 
~plitting of its derivatives whieh have a methyl or amyl as 
RR”. It will be noted from Table | that these substitutions catse 
a decrease in the velocity of the enzvinathe hvarolysis, the methyl 
group being a stronger inhibitor than the isoamyl group. The 
inhibition becomes particulariv clear if, for the of the 
comparison, one considers the initial hours of the reaetion in which 
the amotnts of the inhibitors recee produets are still quite 
small burthermore, which has a 
carboxvl group in R”, was drawn into the comparative study and 
showed that no marked inhibition by the earboxyl group could be 
observed A re lationship similar te that for the hippurviamicdes 
ix thus found here, the only difference beimg that the derivatives 
carbobenzoxvisoghitamine mentioned above are split much 
more rapidly than are the corresponding derivatives of hippurvia- 
title This differenee ray be attributed to the of the 
chain ¢ il. (Hl. con in the isoglutamine derivatives, 

It was to be expected with other proteolytic 
eHZN Thies that the action of Papain Peptidase I would be influenced 
by structural details of the substrate molecule. In the case of 
however, what is Surprising ix the magnitude of this effect, 
since a very slight change, such as substitution of neutral hydre- 
carbon lor a hvelrogen produces great difference 
it splitting. It further noteworthy that strech effects are net 
confined to those parts of the substrate molecule immediately 
nclpacent to the peptice Which is to be split, This erent 


sensitivity of the enzyme toward structural miluences and the 


| 
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Tassie Il 
Hydrolysis of Aculate d I’ plides hy HCUN-Papacn plidase / 


The splitting was measured in ce. of 0.01 ~ KOH per 0.2 ec. of test solu- 
tion. 1 ee. increase represents 100 per cent splitting for one peptide bond 
in the synthetic substrates. The test solution was kept at pI 5 and 40° in 
all cases. 


Vheny!- 

hydra. Hydrolysis 

Zithe per 
ec. of 
tewt 

solution 


Sub«trate of products 


bre bre 1464 bre 


Gelatin 144 
Carbobenzoxy-/- 007 030° 090 Carbobenzoxy- 
glutamvigly- glutamac 
cine* (70 ©) theory) 
Carbobenzoxy-/- O38 0905 #1 SS Carbohenzoxy- 
glutamvigivevl- 
giveine*® ©, theory 
after 24 hrs.) 
i hr. Shere. 24 here 
Gelatin 
00025) 0.47 | 
| Carbobenzoxy- | OSS 
| givevi-l-glu- 
tamylgiveine | 
0 | 01 0.02 
Carbobenzoxy-l- 
 glutamylglyeyl- 
| giveine on 


Gelatin S7 
l-leucvighveine carbobenzoxy 


derivative 
after 7 hrs.) 


* 1 equivalent of 0.1 SN NaOH was added; 1 equivalent of 0.5 S sodium 


ncetate was added. 
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fact that the enzyme is not restricted to a certain fixed point of 
attack in the polypeptide molecule often lead to the result that the 
enzyme splits two quite similar substrates at different linkages in 
the molecule. It is therefore essential to investigate a greater 
number of substrates for Papain Peptidase I with respeet to 
reaction velocity and point of attack. Only in this manner can 
one hope gradually to gain an insight into the rules of specificity 
which determine the details of the enzyme action. 


Taste Ill 
Carbobenzoxvelvevl giveine 
giveviglveine 


Henzovighvevl | l-leueyighveine 

Carbobenzoxyglvevl | givevighveyl | l-leuevighveine 
| glveine 
Kenzovi-d-leuevighvevl glveime 
Benzovi-d-leuevl l-leuevighveine 
Carbobenzoxvelveyl | i-glutamvlamide 


-glutamvlelveine 
Carbobenzoxy-/-glutamvl | glveine 
tglvevl |' glveine 


Kenzovl-(-lvsine | amide 
Kenzovigiveyl | l-lvsvlglveine 
glveine 
The favored point of splitting is indicated by the numeral 1; the second 
point, by the numeral 2. 


Table IL shows the enzymatic hydrolyses of several newer 
substrates. These results are to be employed as a basis for further 
discussion. 

In Table TIL there are collected a number of substrates for 
Papain Peptidase I. Each of these substrates offers the enzyme 
the choice of several possible points of attack. The actual po- 
sition of splitting is indicated in Table IIL by vertieal lines. In 
several substrates the splitting takes place at two linkages with a 
widely differing speed or in suecession. The favored point of 
splitting is indicated by the numeral 1; the second point, by the 
numeral 2. 

It ix evident from Table IIL that Papain Peptidase I is not 


| 
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limited in its action to the peptide linkages between particular 
amino acids. The enzyme is, on the contrary, able to hydrolyze 
the most varied of peptide bonds regardless of the presence of neu. 
tral, acidic, or basic amino acids on the carbonyl 6r imino side of 
the split linkage. However, when the enzyme acts on a substrate 
which contains several peptide linkages, it attacks them with 
widely different velocities. The splitting does not occur hap- 
hazardly at all the peptide linkages, but only certain ones are pre- 
ferred. The characteristics of this relative specificity In the ense 
of acviated | epticl s may he stated as follows: 

The acylamino group of acylated peptides directs the splitting 
by Papain Peptidase I to the peptide linkage immediate 
cent to the acylamino group. 

If, in addition to peptide bonds with glycine-carbonyl, an aevi- 
ated polypeptide contains peptide linkages with leucine-, glutamic 
aecid-, or lysine-carbonyl, then papain peptidase split= the peptide 
bond with the glveine-carbonyl. It appears, furthermore, that in 
all of the cases studied, the directing influence of the glveine- 
carbonyl! Is stronger than that of th aeviamine Thus, 
if the peptide bond adjacent to the ae Viamine group has ne giveine- 
carbonyl, but another peptide bond of the molecule does contain 
one, then the point of splitting is shifted away from its ProNtnity 
to the acvlamino group. 

It might be thought that perbisy = this preference for glveine 
was connected with its low molecular weight; ¢.¢., that papain pep- 
tidase chose those peptide bonds the carbonyl of Which bv te 
the amino acid with the lowest molecular weight. However, from 
the last two examples in Table ILL it appears that this is not the 
ease. In benzovighlyeyl-/-lvsylglycine the enzyme splits the pep- 
tide bond which is adjacent to the acviamine revtipe and whieh 
also contains a glvcine-carbonyl. In henzovighvevl-e-carboben- 
however, that hone is split Which eon- 
tains the carbonyl of the Ivsine (the amino acid with the highest 
molecular weight). The introduction of an acid amide group at 
the end of the long side chain of Ivsine has so powertul an effect 
that the combined influence of the aceviamine thee 
glycine residue is overcome. 

It has hitherto never been found that the Ivsine residues in 
protems are acviated, On the other hand, it is known that the 
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side groups of glutamic and aspartic acids are in the amide form. 
One might expeet, in connection with the experiences mentioned 
above, that stich neid in the sicle of proteins 
play a role in directing the enzymatic hydrolysis. 


Iludrolysis of Bre Poly; x hy Papain plidase / 


The hitherto mentioned experiments on the specificity of Papain 
Pepticdase I are concerned with the splitting of ae Viated hele 


Taste IN 
Hydrolysis of Polypeptides by HON-Papain Peptidase l 
The «plitting was measured in ec. of LOL NS KOH per 0.2 ce. of test solu- 
in the avnthetic substrates. The test solution was kept at pil 5 and 40 


lee. nerease represents 100 per cent splitting for one tele 


all 


| 
ita weds 
ter 
’ a clay bit 
1 16 
045 


* The presence of phenvilivdrazine caused the test solution to turn 
brownish vellow; these titration values are therefore probably too high 


of ery ertitration 


The saetion of the Is, however, not confined to aevinted 
peptides. It was found that papain splits free peptides as well (5). 
In Table IV are given the rates of splitting of dighveyl-d-leuevigly- 
cine and of trighvevl-/-lenevighiveine. It will be noted that the 
enzyme aetion on the pentapeptice involves the splitting of moore 
than one peptide linkage. It was found further that the splitting 
of the two polypeptides which were studied is inhibited eom- 


pletely by phenylhydrazine. There ean therefore be no doubt 
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that the hydrolysis of these free polypeptides is performed by the 
same enzyme as the one which splits the aevlated peptides, and 
which is similarly inhibited by phenylhydrazine; namely, Papain 
Peptidase 1 (6). Bergmann and Ross have shown recently that 
the splitting of gelatin by activated papain is strongly inhibited 
by phenylhydrazine, and concluded from this finding that Papain 
Peptidase I participates significantly in the papain digestion of 
gelatin. This conclusion is supported by the finding that the 
enzyme attacks free polypeptides. Furthermore, the earlier ob- 
servation of Willstatter and Grassmann (7) that papain is able to 
split the tripeptide, leucviglvevighycine, finds a wider significance. 

One of the immediate problems is to investigate a large number 
of polypeptides of various amino acids in their behavior toward 
Papain Peptidase 1, in order to collect further material regarding 


Tante 


Hudrol ysis of d- and ucroneamide at and pil 5 


jw? 
l-Amide..... 7 


d-Amide 


the specificity of the enzyme. It is not improbable that the en- 
zyme acts differently toward free and aevlated peptides. 


Anti podal Speeificdy of Papain Pe plidase / 


The discovery of synthetic substrates for Papain Peptidase | 
made it possible to study the antipodal specificity of the enzyme. 
The simplest substrates for such experiments are the two antipodes 
of benzoylleucineamide. If the formulas of the two antipodes are 
reproduced in spatial projection, the chain, the 
essential grouping of peptide bonds which both antipodes contain, 
is to be visualized as lying in the plane of the paper (VITT and IN). 
In this chain the asymmetric carbon lies between the two peptide 
bonds. It is indicated by an asterisk. The two substituents of 
the asymmetric carbon atom, H and C,H,, do not lie in the plane 
of the paper but in front of, or behind it. 
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NH, CO-CAL 
Vill 


l-Kenzovileucineamide. (The H 
at the asymmetric carben 
atom is to be visualized as 
bemg in front of the plane 
of the paper, the CyH, be- 
hind the plane) 


NH 

| 

NH,  CO-C\H, 


IX 


d-Benzoylleucineamide. (The H 


at the asymmetric carbon 
atom is to be visualized as 
being behind the plane of the 
paper, the C\ll, in front of 
the plane) 
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It will be seen from Table V that Papain Peptidase I splits only 
one of the antipodes; namely, the one derived from the natural 
l-leucine. Papain Peptidase | therefore shows antipodal specifie- 
itv and is restricted to the natural / configuration of the substrates 
just as are dipeptidase and the other known digestive enzymes. 

In order to explain the antipodal specificity of certain enzymes, 
Iemil Fiseher made the assumption that these enzymes were them- 
selves built asymmetrically. This generally accepted concept 
may be more closely defined as follows: If an enzyme catalyzes 
only one of two antipodes, then it must contain at least three 
different atoms or atomie groups which are fixed in space with 
respect to one another, these groups entering during the catalysis 
into relation with a similar number of different atoms or atomic 
groups of the substrate. Through this polyaffinity relationship, 
the active groups of the enzyme force the active groups of the 
substrate into a definite spatial arrangement with respect to each 
other and to the enzyme. One might imagine in the enzyme- 
substrate combination a plane formed by the active groups of the 
enzyme (binding plane of the enzyme) and a plane formed by the 
active groups of the substrate (binding plane of the substrate). 
Then the requirements for the formation of an enzyme-substrate 
combination and for the appearance of antipodal specificity may 
be formulated as follows: During enzymatic catalysis the binding 


* The peptide bond is considered double because of its dipole character. 


H 
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plane of an enzyme with polvaffinitv approaches within a few 
Angstrom units of the binding plane of the substrate. If the sub- 
strate is so constructed that one or more large atomic groups? 
jut out from the binding plane into the space between the binding 
planes of substrate and enzyme, then the approach of the binding 
plane of the enzyme toward the binding plane of the substrate is 
prevented, The catalysis does not occur as a result of stearic 
hindrance. 

Antipodal specificity bas been found for all the proteolytic en- 
zvmes the specificity requirements of which could be investigated 
With substrates of known strueture, and in all these cases it was 
possible to confirm the polvathinity relationship If one allows 
such an enzvine to aet on the two of a substrate and 
determines which antipode split, il is to decide which 
spatial arrangement of the active ETenipes ol the substrate is re- 
quired by the enzvine and from which side the enzvime approaches 
the binding of the substrate during The 
pieture Obtaimed tn this illows one te pore diet the enzvinatie 
behavior of the antipodes of all possible substrates of the same 
alwas sassuiming that the center of asVininetry 
lies within the binding plane of the substrate. bor 1" 
tidase I it may be coneluded from the splitting of benzovl-/- 
leucineamide that the CnZVine splits only that antipade of an 
optically active compound with a large R’ in which the ar- 
rangement NH-CO.CH(R NH-CO is present in a clockwise or- 
der as viewed from the binding plane of the enzyme, and in which 
the Ho of the CHR’ group points toward the enzyme In the 
case ol l-/-leucineamide and other derivatives of d-amine 
acids, these two requirements are not fulfilled simultaneously ; 
these compounds cannot therefore be split by Papain Peptidase I 

Von Ruler and Josephson have set upatwo affinity theory trl 
CHZVIne netion ‘This theory two different 
the enzyme, one of which is responsible for the combination with 


explain what is meant by large itnught be reealled 
that with dipeptidase a methyl group in the prohibited position markedls 
slows down the catalysis, but that an isobutyl group prevents any splitting 
whatever in the cause of «lipo pticdase (S)as well as of Papain ptidase 
From these facts, it is concluded that the necessary approach must be 
within a distance of several Angstrom units 
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the substrate, while the other performs the splitting. We extend 
the theory of von buler and Josephson in replacing the two affinity 
concept by a polyaflinity relationship, and assume a fixed relative 
position for the active groups in the enzyme. This extension 
makes it possible to explain antipodal specificity. As far as we 
know, this is the first ease in which the specificity of a group of 
enzymes can be clarified with the aid of a simple hypothesis. It 
is possible that the antipodal specificity of the serological reac- 
tions discovered by Landsteiner and van der Seheer (10) may be 
explained with the aid of similar considerations (polyaffinity and 
spatial fixity of active Erertipes in the antibodies). 

The discussion of antipodal specificity has concerned itself until 
now with the asvmmetry of those carbon atoms which lie between 
the active groups of the substrate; ¢.¢., within the binding plane of 
the substrate. Por the substrates of Papain Peptidase |, there is 
invelved only a single carbon atom of this kind; namely, the one 
lying between the two essential adjacent peptide bevels. Tt shrevealel 
be pointed out that two other cases of a different type of antipodal 
specificity have been observed for Papain Peptidase 1. The sub- 
strates invelved are the antipodes of earbobenzoxvleueylglyeyl- 
glveine CN) nzovighveylleuevighveine (XI). 


co Nil 


\ 


CLE NET cl 
Xl 
In both formule, the peptide bond whieh is split is designated by a 
broken ane thre whieh determine the 


ing plane of the substrate are drawn as in all the previous formule 
of thistwpe. It is evident that in both substrates the asymmetric 


carbon atoms lie outside the binding jp teatnes of the respective sub- 


| 
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strates. However, as was reported earlier (1), there occurs anti- 
podal specificity. Perhaps one should conclude from these ex- 
amples that during the combination with the enzyme not only is 
the binding plane forced into a definite spatial position with respect 
to papain peptidase, but neighboring parts of the substrate mole- 
cule are fixed as well. 


EXPERIMENTAL 


Carbobenzoryqlutamylalycylalycine Ethyl Ester To 7A gm. of 
carbobenzoxvglutamvlglyvecine ethyl ester (1) in 10 ee. of absolute 
alcohol there were added 3 ec. of hydrazine hydrate, and the reae- 
tion mixture was left at room temperature for 24 hours. Om ad- 
dition of anhydrous ether, a svrupy precipitate resulted. After 
being washed several times with ether, the svrup was dissolved in 
100 ee. of ice-cold water, covered with ether-ethyl neetate 
and treated, at O° with shaking, with 40 ec. of cold 5.~ hydrochloric 
acid and an aqueous solution of 1.7 gm. of sodium nitrite added 
in several portions within 3to4 minutes. After washing the ether- 
ethyl acetate laver with water until the acid reaction with Congo 
red had disappeared, the solution was passed through a dry filter, 
dried briefly over NaoSQ,, and mixed with an ethereal solution 
of glycine ethyl ester (prepared from 15 gm. of hydrochloride), 
The mixture was evaporated under diminished pressure, leaving a 
svrup which was heated for 3 hours at 30°, then for 5 minutes at 
80°, dissolved in cold water, and acidified with 5s hydrochloric 
acid to Congo red. The “vrup Which was precipitated erystal- 
lized on standing. On reerystallization from hot aleohol, followed 
hy reervstallization from ethyl acetate, there were obtained needles 
with a melting point of 180-140°. Yield, 2.8 gm. 


CypHinO.N, (423.2). Caleulated, N 9.9; found, N 10.0 (Kjeldahl) 


The same substance is obtained by coupling carbobenzoxy- 
glutamyl anhydride with glyeviglveine ethyl ester in ethyl acetate 
solution. There are formed two isomers (a- and y-peptides); 
the isolation of the required a-peptide in a pure state is diffieult, 
giving only a small vield. 

Carhobenzoryqlutam ylalycylalycine 2.8 iti. of the above ester 
were dissolved in 15 ec. of NaOH, and after 30 minutes acidified 
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to Congo red with 5.‘ hydrochloric acid. The reaction mixture 
was concentrated at 40°, under diminished pressure, to about 4 
ec. and the carbobenzoxytripeptide extracted with a large volume 
of ethyl acetate. The ethyl acetate solution was washed with 2 
cc. of water, evaporated down, and the residue dissolved in dry 
acetone. The acetone solution was evaporated, leaving a syrup 
which when treated with a small volume of dry ethyl acetate at 
0° vielded 1.6 gm. of small plates which melted at 142°. 


Ny, (895.2). Caleulated, N 10.6; found, N 10.6 (Kjeldahl) 


In the splitting of the carbobenzoxytripeptide by papain, more 
than one peptide linkage was hydrolyzed. A portion of the reae- 
tien mixture Was worked up after 24 hours, at which time the in- 
crease in carboxyl represented about | imole. It was concentrated 
under diminished pressure, acidified, extracted with a large volume 
of ethyl acetate, the extract evaporated down, and the residue 
te ervstallization with ether. Carbobenzoxyglutamyl- 
glveine was obtained in 55 per cent vield. Mup., 143°. The 
mixed melting print with a preparation made according to Grass- 
mann and Sehneider (11) showed no depression. 


(338.2). Caleulated, N 8.5; found, N 8.3 (Kjeldahl) 


Carhole nzory-l-La —-To the solution of 13.1 ith. of l-leu- 
cine in 0 ee. of 2N NaOH there were added, at 0° with shaking, 
le gin. of carbobenze NY chloride and 60 ce. of 2N NaOH in several 
portions. The syrup obtained on acidifying was taken up in 
ether and the ethereal solution extracted with potassium biear- 
bonate solution. The bicarbonate solution was acidified, the 
carbobenzoxyvleucine again taken up in ether, and the ether evapo- 
rated off. Yield, 20 gm. of syrup. 

Methyl Ester—6 gm. of 
carbobenzoxy-/-leuevighveine (1) were dissolved in methanol con- 
taining | mole of aqueous hydrochloric acid and hydrogenated in 
the presence of palladium, the solution was evaporated down, and 
the dipeptide esterified as usual at O° with methanol-hydrogen 
chloride. The free ester was liberated with potassium carbonate 
and taken up in ethyl acetate. 
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gm. of syrupy carbobenzoxy-l-leucine (dried over PeOs) were 
dissolved in 30 ce. of dry ether and treated as usual with 7 gm. of 
1 ‘ly at O. The reaetion mixture Was filtered, diluted with 70 
cc, of ether, Washed three times with ice-cold water in a ss parntory 
funnel, passed through i dry hilter, dried kly Over Nuit 
and added nt ta the above solution ol le tit Viglveine ester, The 
mixture was shaken with about 20 ce. of saturated protcassttinn bie 
carbonate solution, the upper laver successively washed with hy- 
drochlorie acid, bicarbonate, and water, dried, and evaporated 
down. The resulting syrup was treated with ether-petroleum 
ether, vielding small prisms after standing ernight. The CTY s- 
tuls were transferred to the filter with a small amount of ether, 
M.p., 108°. Yield, 3.6 to 4.0 gm. 


CoH (449.3). Caleulated, N 04; found, N 0.4 (Kjeldahl) 


ue ucylqlycin Wii. ol the nbove ester Were 
In a mixture of methanol and 1.1 mole of 2 NaOH, \iter 20 
minutes the solution was acidified and the methanol e aporated 
off under diminished pressure. The resulting syrup was taken up 
ini ethyl acetate-ether (121) and extracted with bicur- 
hbonate. The bicarbonate extract was acidified and the substance 
again taken up in ¢ thvl acetate, which was then es aporated off, 
The residue was dissolved in water-methanol containing 0.5 ce. 
of glacial acetic acid, and hyvdroge nated catalvthe ally. The reae- 
tion mixture was evaporated down and the resulting crystals 
rre«l ta the tilts r with sale \ it lel, iii 


CLAN Culeulated. C 35.8, 100. N 13.9 


uciyl-l-Leuc lalye gm. of the tripe 
din a mixture of 10 ce. of half saturated bieur- 
honate solution and treated at O° with 0.6 ce. of be nzovl chloride 
In several portions OVC riod of 30 minutes. The ~“Vrup 
tained on acidifying was treated with hot water and allowed to 
stand ove rnight. The substance was then dissolved in neetone, 
water it precipitation, and enough neetone 
to dissolve. On standing at room temperature, 1.1 gm. of needles 
were obtained, which on reervstallization (as above melted at 
161°.) “The air-dried substance was analyzed. 


| 

| 

| 

| 

| 

| 

| 


Bergmann, Zervas, and Fruton HO9 


The splitting of the benzoyl tripeptide by papain exeeeded the 
hydrolysis of one peptide linkage. As soon as the splitting cor- 
responded to the splitting of one peprticle boned, of the 
Wits comneentrated under diminished pPresstre, acidifiod 
with hwdrochlorie acid, and extracted with ether. The aqueous 
portion was then made alkaline, carbobenzoxyvlated, again acidi- 
fied, and extracted with ether. On evaporating the ether, there 
was obtained earbohenzoxyleucylgiveine in 67 per cent yield, 
M.p. and mixed 


nzoylglycylalycin Pipe 


Corhoben Pipe ridide— To an ice-cooled, piperi- 
dine solution (about 5 moles of amine) there was added, with 
shaking, | mole of carbobenzoxvglyeyvl chloride in portions. After 
a short interval, the piperidide separated out in a 60 per cent yield 
(enleulated for the chloride). On reerystallization from ether- 
petroleum ether, there were obtained le M.p., 


(276.2). Caleulated, N 10.2; found, N 10.5 (Dumas) 


(1 mole) was dissolved in methanol and 2 moles of glacial acetic 
acid and bydrogenated catalytically. The solution was evape- 
rated down, the residue dissolved in cold bicarbonate solution, 
and treated at O° with | mole of hippuryl chloride in several 
portions. The chloride slowly went into solution while the piper- 
lide separated quit. Yield, per cent. reervstallization 
from aqueous bicarbonate solution and ethyl acetate there were 
obtained needles which melted at 134°. 


CHOWN, (9208.2). Caleulated. N 13.8; found, N 13.7 (Damas) 


This substance was prepared from hippurvl 
chloride and aniline-water, 204 


rN, 24.1) Caleulated., N11 TOS (Wyeldahl) 


—This substanee was prepared from 
hippurvl chloride and isoamvlamine-water. 08°. 
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(248.1). Caleulated. N 11.3; found, N 11.0 (hjeldahl) 


Carbobenzory-lGlutamyl Methylamide A gm. of carbobenzoxy- 
l-glutamyl anhydride were added within 5 minutes in portions to 
7 ce. of ice-cooled 33° per cent aqueous methylamine solution. 
After 15 minutes, the reaction mixture was acidified, vielding a 
syrup Which crystallized on seratehing. The erystals (needles) 
were recrystallized from methanol-water. Yield, 2 gm. M-p., 
178°. 


CH, (24.1). Caleulated, N 9.5; found, N 4.5 


Carholn ylisoamuylamiuds This substance Wits 
pared in a similar manner as the methvlamide. Om reerystalliza- 
tion from methanol-water and ether, the melting point was 135° 


(350.2). Caleulated, N 8.0; found, N 8.4 (Dumas) 


-This substance was prepared as de- 
scribed in (1). 

Triglycyl-l-Leucylglycine —-This substance was prepared as de- 
scribed in (1). 

Benzoyl-l-La ucincamide of ethyl ester hv- 
drochloride were converted to the free ester in ether solution, which 
was then allowed to react with 2.2 ec. of benzoyl chloride in ethyl 
acetate and 16 ce. of a 10 per cent sodium carbonate solution. 
The ether layer was washed with water, bicarbonate, and dilute 
hydrochloric acid and evaporated down, vielding crystals which 
were allowed to react with gaseous ammonia in absolute aleohol 
for 3 davs. The solution was then evaporated down, vielding a 
syrup which erystallized upon treatment with water. Upon re- 
crystallization from ethyl acetate the substance melted at IS7°. 
Yield, 2 gm. 


Caleulated, C 66.7, H 7.6, N ILS 
238.2 bound * 66.6, 7.6, 11.7 (Dumas) 
lal, = —64° (2.5 per cent in aleohol) 


From the enzymatic hydrolysis to Sd per cent of 120 mg. of 
this substance there were isolated, in the usual manner, LOO me. of 
a product melting at 105°. 
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Benzoyl-d-Leucineamide —This substance was prepared in’ the 
came manner as the form. Mp. 187°. 
Caleulated. C 66.7, H 76, N 


Found. “6.5, 78, 12.0 (Dumas) 
lal, = +6.4° (2.5 per cent in aleohol) 
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ON THE ORIGIN OF URINARY CREATININE 


ARNOLDUS GOUDSMIT. 


(Prem fhe lhe part me nf of he mialry, Cornell University Vedical College, 
New York City) 


(Reeeived for publication, July 7, 1906) 


In 1922 Behre and Benedict reported work on the basis of which 
thew came to the conelusion that ereatinine does not occur im 
normal blood in detectable amounts. They did not fail to 
out in their discussion that this finding has to be reconetled in 
serthie’ Wiel with the appreciable amounts of creatinine exereted 
daily in the urine. In this connection they suggested two alterna- 
tive mechanisms: (a) either the kidney is able to coneentrate to 
an extreme degree such traces of creatinine as may be present im 
the the posstlality ont neeurate differentiation by thie 
procedures used, or (b) the kidney must be able to manufacture 
creatinine front: some substance. 

tegarding the first assumption it may be reealled that Van 
Sivke, Hiller, and Miller (1935) showed that in the dog ingested 
creatinine is exereted with exactly the same “clearance” and 
exactly the same “extraction percentage as ferrocyanide and 
inulin. Since there exists considerable independent evidence that 
the latter two substances are exereted by glomerular filt rat ten 
exclusively, creatinine (the preexisting as well as the super- 
imposed) should be exereted by this same mechanism. 

The extraction percentage for creatinine found by these authors 
is approximately 20 per cent. This means that out of every mg. 
present in whole blood, only 20 per cent of the quantity present 
in the plasma can be exereted by the kidney in one passage, or, 
assuming that the plasma volume is approximately 55 per cent 
of the total, only | xX & Il per cent of the total amount 
present can be exereted in one passage through the kidney. Thus, 
only one-ninth of the “traces” which Behre and Benedict would 
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he inclined to accept as existing in normal blood would be avail- 
able for exeretion, and this small quantity would certainly not 
be enough to explain the daily creatinine excretion. 

Therefore the alternative assumption, ez. the formation of 
creatinine by the same organ which brings about its exeretion, 
seems well worth considering. Incidentally the precursor sub- 
stance, probably easily converted into creatinine, might also be 
responsible for part or all of the small amounts of creatinine 
isolated from blood filtrates and ultrafiltrates shaken with various 
udsorbents or saturated with pierie acid. Gaebler (1930), for 
instance, found that although a blood filtrate may be shaken with 
kaolin without appreciably changing the color produced on the 
addition of alkaline picrate (a procedure extensively practised by 
Behre and Benedict), creatinine could be isolated and identified 
from subsequent washings of the kaolin. 

To obtain some insight into the mechanism of renal exeretion 
of creatinine, it was felt that possibly accurate comparison of the 
concentrations of apparent ereatinine (or “chromogenic material” 
thix neutral name was proposed by Behre and Benedict for the 
material responsible for the Jaffe reaetion in blood filtrates) in 
arterial and renal venous blood might throw some light on this 
confusing problem. If the kidney were manufacturing creatinine 
from non-chromogenic material, it was to be expected that the 
level in the renal vein should either be the same as that in the 
artery or possibly (in view of Nash and Benedict’. (1921) experi- 
ence with ammonia) be mereased. If, however, chromogente ma- 
terial were the direct source of urinary creatinine, its concen- 
tration in the vein should be found decreased as compared with 
the arterial level and this decrease should be of an order of mag- 
nitude such as might be expected from the creatinine exeretion 
per minute and the rate of blood flow through the kidney. 

At this point it may be worth while to consider whether any 
such differences between arterial and renal venous creatinine 
content, if present, might be large enough to be determined with 
a reasonable degree of accuracy. Ti we assume that part of the 
chromogenic material of the blood is removed bw the kidney and 
excreted as creatinine, a tentative calculation of the resultant drop 
in the creatinine content of the blood ean be made as follows: 
(1) the average creatinine excretion of a dog on a diet contaming 
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no creatine or creatinine may be estimated (according to the data 
of Benedict and Osterberg (1923)) to be approximately 24 md. 
per kilo of body weight per 24 hours, or jy mg. per minute per 
kilo of body weight; (2) the combined kidneys of a dog weigh 
approximately yi, of the total body weight (lellenberger and 
Baum, IS9L) and the average perfusion of the kidney with blood 
mav be put at 2.5 ec. per gm. of kidney per minute (Janssen, 1929) 
or 25 & 1000 160 < about 15 ce. per minute per kilo of body 
weight. Thus, the 24 mg. of creatinine should have been re- 
moved from a volume of 15 ec. of blood, indicating that under the 


Tassie 
Showing Quantitative of Creatinmene Added toa 


All figures are expressed intima. per of blood (thus, mg. per 000 ce, 
of the 1:10 tungstemolvhdie acid filtrate) 


“altie bole me a if Difference Pre 


Sided” (1) alter addition | reeuvered | ond 
Fewery ered 
1) 2) 3 5 
1 al 0.6% ° | | 0 26 +0 01 
144 1 0.22 | +0 02 
1 43 1 0 20 | 
147 1 “a3 16 | +0 
1 0.15 | 
0.10 1.65 | OF 


assumption outlined above a drop in creatinine content of approxi- 
mately OL mg. per 100 ee. of blood should be expected. 

A difference of such an order of magnitude represents more than 
5 times the maximum error which Goudsmit and Summerson 
(1935) met with in recovering creatinine, using the variable laver 
photoelectric comparison photometer as a measuring Instrument, 
Moreover, pure creatinine added to blood (see Table 1) has been 
recovered satisfactorily with a technique involving the use of a 
1:10 tungstomolybdie acid filtrate (Benedict, 1931) and im ae- 
cordance with the proceedure for the comparative determination 
of creatinine outlined later in this article. 
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ELAPLEIMENTAL 


It was planned to collect samples of renal venous and arterial 
blood and to analyze these samples lor creatinine 
the same time the urine, formed in a period corresponding with 
and representati «for the time at which the ot blood were 
to be drawn, was to be collected and analyzed for its creatinine 
content. In addition urea was to be determined on all satnples 
of blood and urine in order to obtam data on the exeretion of 
another substance naturally occurring in the body 

The experiments to be deseribed below have been performed on 
dogs exclusively. The animals have been kept on different diets 
(see Table Il, Column 1) for various lengths of tine No 
however, was administered IS hours before the begining of each 
experiment; water was allowed freely. The animals were anes- 
thetized by intraperitoneal injection of amytal, 55 mg. per kilo 
of body weight, the anesthetic having been dissolved by the addl- 
tion of a suitable quantity of sodium hydroxide. The left femoral 
artery Was fitted with a cannula in order to allow the subsequent 
collection of arterial blood samples; likewise providing the lett 
jugular vein with a cannula afforded menus lor later intravenous 
administration of fluids. 

For the collection of representative samples of renal venous 
blood a simple method was devised! which may be described a» 
follows: a bayvonet-shaped glass catheter was inserted into the 
inferior vena cava, after ligation of this vein approximately 10 
em. distal to the mouth of the renal veins, followed by ligation of 
all other vessels draining into the vena cava between the point of 
insertion of the catheter and the renal ves. After the catheter 
had been fixed in place, the abdominal cavity was closed by the 
suture of its muscular and cutaneous walls, leaving one end of th 
catheter accessible. 

Since under the conditions of the experiment a satistactoryv vol- 
ume of urine could hardly be expected, it was deemed desirable to 
wdminister additional quantities of fluids. This was effected by 
the slow (about 5 ce. per minute) mtravenous of the usta! 
mammalhan Ringer’s solution. In the case of the last three 
experiments this solution was modified so as to contain OLS3 


‘7 am greatly indebted to Dr. Dayton J. Edwards for his helpful co 
operation and many valuable suggestions during the course of this work 
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per cent sodium chloride instead of 0.92 per cent, which (as ean 
be seen in Table I], Column 3) has considerably increased 
the rate of urinary flow. Thus the dogs maintained a highly 
satisfactory exeretion of urine and, as will be seen from the data 
to be presented, in most eases fail to show appreciable signs of 
kidney hunetion. 

In order to delay thrombus formation caused by the continuous 
contact of the blood with a foreign body, the eatheter was coated 
with wax and filled with Ringer's solution contaming 0.2 per cent 
liqueid.* ‘The exterior end of the eatheter was fitted with a rub- 
ber tube closed with a clamp; releasing the latter allows blood to 
be drawn from the vena eava, as it is filled with blood from the 
renal veins exelusively. In order to avoid dilution of the blood 
with the aqueous solution present in the catheter, the first 6 ce. 
of fluid drawn, representing 3 times the volume of the catheter 
plus rubber tube, were discarded. At the conelusion of each 
collection, the catheter was flushed with physiological saline solu- 
tion, after which it was refilled with the Ringer's solution con- 

The urine was collected for periods of time varving from 21 
to SO minutes, care bemg taken not to introduce maceuractes clive 
to incomplete emptving of the bladder. The samples of renal 
venous and arterial (from the femoral artery) blood to be used for 
the comparative determinations of their apparent ereatinine con- 
tent were drawn as closely Hb possible to the middle of the periods 
of collection of the urme samples. The blood was mixed with 
2 mg. of dry potassium oxalate per ec. in order to prevent coagu- 
lat neon 

Apparent creatinine was determined in a 1:10 tungstomolybdie 
acid filtrate prepared trom blood the same day the experiment’ 
had taken place. It has been the practise to allow at least 1} 
hours to elapse after the addition of the sulfurie acid. The pre- 
cipitated proteins were then centrifuged off and the supernatant 
fluid filtered through acid-washed Schleicher and Sehill filter 
paper No. SSO: in this condition the filtrate could be kept im the 
we box for several days without apparent deterioration. The 
object of this combination of centrifugation and filtration was 
twofold: it provided larger quantities of filtrates than would have 


\ tithe tre coagulant manufactured Hoffmann-La Roche. Tne. 
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been obtamed by filtration alone and eliminated completely the 
oceasional turbidity which might have led to serious errors when 
the solutions were compared in the photoelectric photometer. 

The color was developed strictly in accordance with the Folin 
and Wu (1919) technique, the pierie acid used having been puri- 
fied by the sodium carbonate method of Benedict (1929). Simul- 
taneously with the unknowns, one standard lower (equivalent to 
I mg. per cent in the blood) and one higher (equivalent to 2 mg. 
per cent in the blood) than the expected creatinine content of the 
blood filtrates were prepared. The filtrates were centrmftuged dur- 
ing the latter part of the time allowed for the development of 
the color. All solutions were read in the photoelectric comparison 
photometer referred to above, with a Jena glass VGi2 as a light 
filter, in either one of the following orders of sequence: 


lower standard lower standard 

venous sample arterial sample 

arterial venots 

higher standard or higher standard 
arteri il sample sariple 

Venous arterial 

lower standard lower standard 


By averaging the readings thus obtained, one eliminates the dis- 
turbing factor which the increase in color on standing otherwise 
would introduce into these comparative determinations.  Betore 
beginning the readings on the creatinine solutions, the cup to be 
used for the determinations was filled with 0.025 N dichromate 
solution, set at 15.0 mm., and the other cup containing the same 
dichromate solution adjusted so as to obtain the initial condition 
of balance (see Goudsmit and Summerson (1935) p. 428). Then 
the readings on all creatinine solutions were made. It is obvious 
that any other solution might have been set at any other conven- 
ient depth of laver without affecting the results in the least: 
the initial setting is mentioned only because in the course of the 
performance of many hundreds of ereatinme determinations on 
1:10 blood filtrates, it has been found to be a very practical one. 
The apparent creatinine value was calculated as 


ry ra 
i+ its 1) 


4 
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where Ul designates the concentration of the unknown, A and B 
the concentrations of the lower and the higher standard, respec- 
tively, and ry, fx, and re the readings on the lower standard, 
the higher standard, and the unknown solution, respeetively. 
As an analysis will readily show, this formula, inasmuch as it 
eliminates the effeet of the eolor of the alkaline pierate on the 
proportionality of the readings, might be considered the mathe- 
matical equivalent of the colorimeter with the Birker optical 
<ystem used by Hayman, Johnston, and Bender (1935), or the 
Hasting=-Duboseq arrangement emploved by Van Slyke, Hiller, 
and Miller (1955). Repeated determinations on solutions with 
known ereatinine content have shown the essential correct ness 
of the formula given. However, a very small deviation (not 
exceeding O.002 mg. per cent) consistently present in the average 
of a sufficiently large number of determinations has been noticed. 
Since two erentinine values not farther apart than those which 
form the basis for the present study are practieally equally al- 
fected by this deviation, it has not been taken into consideration 
for the ealeulation of the figures to be presented. No experiments 
have been undertaken as vet to ascertain whether this departure 
from the “theory” is caused by the presence of some theoretical 
factor not taken into consideration or merely reflects a slight 
irregularity in the measuring apparatus. 

The urine was analyzed for creatinine in a portion representing 
2 minutes exeretion gnd was compared against two suitable stand- 
ards, both standards and unknown having been made up toa vol- 
ume of The comparison was performed with the photo- 
electric photometer in a way entirely analogous to the one de- 
senibed for smaller amounts of creatinine, and the ealeulation from 
the photometer readings was made with the aid of the same 

Uren was determined by the method of Van Sivke and Culler 


RESULTS 


The results, which have been summarized in Table [L, bring out 
in the first place that, in all thirty instanees in whieh the ap- 
parent ereatinine in the arterial blood has been compared with 
that in the renal vein, an appreciable decrease has been observed 
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in the latter. This decrease, expressed as percentage of the 
arterial apparent creatinine level (thus, “extraction percentage”’ 
in the sense of Van Slyke, Rhoads, Hiller, and Alving (1934)) 
has varied from 7.3 to 16.8, with a mean value of 11.0 and a 
standard deviation of 2.5. It may be recalled here that in the 
introduction we put the percentage extraction of pure creatinine, 
a substance evenly divided over plasma and corpuscles, at approxi- 
mately 11 percent. It is very interesting to note that apparently 
the chromogenic material of the blood has the same extraction 
percentage. Creatinine up to the present time has been the only 
substance not foreign to the body which, at least in the dog, is 
known to be exereted by glomerular filtration exclusively and not 
to be reabsorbed by the tubules. The assumption that the mech- 
anism of excretion of the chromogenic material likewise is one of 
exclusive glomerular filtration is very tempting in view of the 
evidence presented. 

Another fact brought out by analysis of Table II is that, if the 
blood flow through the kidney is calculated as the quotient of the 
amount of creatinine excreted per minute divided by the absolute 
difference in apparent creatinine content of the femoral artery and 
the renal vein (as has been done in Column 15), there is in general a 
fairly satisfactory agreement between this figure and what, in 
view of the estimation outlined earlier in this paper, it might be 
expected to be (Column 16). It may be of interest to note that 
such agreement is better in the experiments on the first three dogs 
than in those on the latter three in which the volume of urine had 
been considerably increased by the administration of hypotonic 
Ringer's solution. In the latter instance, however, the blood 
flow through the kidney, caleulated on the basis of the arterio- 
venous difference in urea and its exeretion per minute, deviates 
more from the theory (Column 16) than does the blood flow cal- 
culated from the data on creatinine. 

In the communication of Van Slyke, Hiller, and Miller (1935) 
referred to before, it is stated that there is no connection between 
the level of urea, creatinine, inulin, or ferrocyanide in the plasta 
and the percentage of it removed during one passage through the 
kidney. We have analyzed our data in order to find out whether 
the same situation applies to the chromogenic material. From 
our results we get the impression that a correlation between the 
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level of apparent creatinine in the blood and the extraction per- 
centage probably does not occur either. Thus the average ex- 
traction in seven observations, in which the arterial creatinine 
varied from 1.40 to 1.59 mg. per cent, amounts to 11.3 per cent, 
whereas the average of seventeen observations at an arterial level 
between 1.00 and 1.19 mg. per cent was 10.6. 

Additional evidence that the collections of blood were truly 
representative may be found in the fact that the extraction per- 
centage of urea (mean 9.3, standard deviation 3.1) agrees reason- 
ably well with the one found by Van Slyke, Hiller, and Miller 
(mean S.3, standard deviation 2.0). 


DISCUSSION 


The evidence presented would indicate that in the dog the 
creatinine appearing in the urme is derived from the chromogenic 
material in the blood. This finding obviously eannot be inter- 
preted as affording any definite evidence as to whether the chro- 
mogenic substance in blood is or is not true creatinine. It is a 
well known fact that a great many substanees more or less related 
to creatinine will give a color on the addition of alkaline pierate, 
amd thus it is hardly surprising to find that the ehromogeme 
material should be considered as the probable souree of urinary 
creatinine. 

The chromogenic material is eliminated from the blood by the 
kidney of the dog toan extent closely approximating if not equaling 
the part of any substance exereted in the glomerular filtrate. The 
exeretion by glomerular filtration without reabsorption represents 
the highest known extent of elimination of a physiologically 
eccurring substance by the kidney of the dog. Thus, the results 
obtained in the present work would seem to indieate that prae- 
tieally all the chromogenic material and not merely a fraction 
thereof would have to be considered as serving as the source of 
urinary creatinine. 

Shannon, Jolliffe, and Smith (1932) have made an attempt to 
throw some light on the exeretion of endogenous creatinine in a 
study in which they compared the exeretion of creatinine with 
the level of such fraction of the chromogenic material of the blood 
as could be recovered from Lloyd's reagent after this had been 
shaken with blood filtrates. Considering all chromogenic material 
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released to be creatinine, they come to the conclusion that “there 
might be enough creatinine in the blood to account for the normal 
excretion of this substance.”” However, the interpretation that 
the chromogenic material released under these circumstances is 
creatinine does not seem to be justified by the results of Behre and 
Benedict’s and Gaebler’s extensive investigations. The fallaey 
of this ol reasoning: Was emphasized in Behre and Benedict's 
more recent discussion (1935). Possibly the statement bv Shan- 
non, Jolliffe, and Smith (1932) that they considered their “experi- 
mental method none too good, and at best... quite hon-speche”’ 
could be taken as the eXpPression of their willingnes- to revise their 
stand on the basis of a reconsideration of the underlying chemical 
evidence 

It would seem that no Investigation limiting itself to a compar 
sonof the level of creatmine-like substance in arterial or non-renal 
Vo ancl the rate of exeretion ol erentinpn would bie 
likely te in suggesting it relationship bet these two 
substances bevond the one displaved by the reaction with alkaline 
picrate, beeause under physiological conditions variations oc- 
eurring in the quantities of either of these substances are not 
large enough to be correlated with each other with anv signifi- 
cant degree oft probability. (Comparative determinations of the 
level of apparent creatinine inh the ‘ ntermg and lena the 
kidney, such as form the basis of the evidence presented in this 
study, can be expected to furnish more information ina problen 
of this type. It would seem that the results of this investigation 
have justified such expectations. 


SUMMARY 


By comparison of the apparent creatinine content of renal 
Venous blood and of arterial blood, it was found that the eon- 
centration in the venous blood was consistently lower. The order 
of magnitude of this difference is such as might be expected if one 
assumes that the substance responsible for Jaffe’s reaction in the 
blood (apparent creatinine) is the precursor substance of urinary 
creatinine. The first part of the mechanism of the exeretion of 
the chromogenic material is probably not different from that of 
ingested creatinine. 
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These observations do not have a direct bearing on the question 
of the nature of the chromogenic material in the blood. 
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Determinations of the respiratory quotient, carried out by Fisher 
and Pencharz (1), indicated that hypophysectomized rats oxidized 
a larger proportion of carbohydrate during fasting than did nor- 
mal rats. At the same time it was established by Russell (2) 
that hypophysectomized rats, while having normal carbohydrate 
levels in blood, liver, and muscle when well fed, suffered a pro- 
gressive fall in these levels to subnormal values during even short 
fasting periods. These results made it desirable to find out 
whether the abnormal loss of body carbohydrate during fasting 
could be accounted for by the increased carbohydrate oxidation, 
or whether another explanation would have to be sought for the 
apparent inability of hypophysectomized rats to maintain their 
carbohydrate stores, 

The experiments were so arranged that the amount of carbo- 
hydrate which disappeared and which was oxidized could be 
determined simultaneously on the same animal, a period of fasting 
being chosen during which practically all of the carbohydrate 
remaining available for utilization by the rats was in the form of 
musele glycogen. Three series of determinations were carried 
out on normal rats, on hypophysectomized rats, and on hypo- 
phyvsectomized rats treated with an anterior lobe extract whieh 
had been pres lously observed (3) to prevent the loss of musele 
giveogen during fasting. 


* Aided by the Presnell Fund for the study of the metabolic relations 
of the anterior hypephysis, contributed by Robert R. Presnell, Frank 
Tuttle, Arthur Stebbins, and Mrs. Gordon Kahn, of Los Angeles. 
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EXPERIMENTAL 


The animals used were young male rats of the hooded strain, 
weighing from 140 to 170 gm. when fasted. The hypophysec- 
tomies were performed by the parapharyngeal route and the com- 
pleteness of the operation was checked at autopsy in all cases. 
The hypophysectomized animals were used from 15 to 25 days 
after the operation, after mamtaining constant weights for several 
days. The diet previous to these experiments was a ration high 
in carbohydrate. 

The lengths of the preliminary fasting periods were so chosen that 
at the start of the experimental periods the glveogen contents of 
muscle in the three series were as nearly iis possible alike. On the 
basis of previous work (2), the following fasting periods were used: 
normal rats 16 to IS hours, untreated hypophysectomized rats 9 
to 10 hours, and operated rats treated with anterior lobe extract, 
12 hours. ‘The blood sugar and liver glycogen were determined 
at the end of each experiment and found to be at the fasting levels, 
the average values for the three series being for liver glycogen LOO, 
15, and 10 mg. per cent, and for blood sugar 10S, 66, and 56 mg. 
per cent for normal, hypophysectomized, and treated hypophy- 
sectomized animals, respectively. 

In order to determine the glycogen content of muscle tissue in 
each rat at the start of the experiment, use was made of evipal 
(sodium N-methyleyclohexenylmethylbarbituric acid), the action 
of which is of very short duration. With the intraperitoneal 
administration of this substance in amounts of & mg. per LOO gm. 
to normal or 6 mg. per 100 gm. to hy pophysectomized rats, ¢ 
prompt anesthesia was produced, Which was deep enough to allow 
the excision of a gastrocnemius muscle without twitching. After 
removal of the muscle for analysis, the small amount of bleeding 
was easily stopped with cotton wads, the incision sewed up, and 
the animal put in a respiratory chamber, where it recovered from 
the anesthesia in a short time, before the determination of the 
respiratory metabolism was started. 

After the measurement of respiratory metabolism, the rat was 
anesthetized again with evipal or nembutal, and with the usual 
precaution the remaining gastrocnemius was removed, Lolevenel 
obtained from the vena cava for sugar, and the liver obtained for 
glycogen analysis. The glycogen determinations were made by 
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the cold KOH method, the glucose being determined with the 1 
gm. KI reagent of Shaffer and Somogyi (4). 

The respiratory metabolism was determined by the open circuit 
gravimetric method over periods of 6 to 7 hours. The animal 
chambers were fitted with wire screen bottoms so that urine ex- 
ereted during the experimental periods was obtained for total 
nitrogen analyses, made by the Kjeldahl method. The bladders 
of the rats were emptied as completely as possible before the start 
of the periods and again at the end, but even so the variations in 
urinary nitrogen obtained in the short period of the tests were 
large; so that for the calculations of the non-protein respiratory 
quotients the average value of 3.3 mg. of N per 100 gm. per hour 
was used. In the operated animals treated with the anterior 
pituitary extract, the preparation used so suppressed the urine 
volume that the nitrogen values obtained, in the neighborhood of 
1 mg. per 100 gm. per hour or less, were not considered valid. 

The anterior lobe preparation used was a neutralized alkaline 
extract of beef pituitary! It was administered intraperitoneally 
in doses of 0.5 ce. each to each rat at IS hours and 1 hour before 
the start of the experiments; it contained about 2 per cent organic 
material, so that the total dosage was about 20 mg. of anterior 
lobe substance. 

The observations made in individual experiments of the change 
in muscle glycogen content and of the oxygen consumption and 
respiratory quotients over the same periods of time are recorded 
in Table 1. It may be seen upon inspection that there is a good 
correlation between the loss of muscle ghveogen and the respira- 
tory quotient; the correlation coefficient between the figures in 
Columns 3 and 6 of the three series is actually +0.82. 

The averages of the three experimental series are shown in Table 
I, including caleulations of the amount of carbohydrate which 
disappeared (Column 4) and which was oxidized (Column 9). The 
figures for actual amounts of carbohydrate which disappeared are 
necessarily only approximate, being based on the assumption that 
the observed glycogen content is distributed in 50 per cent of the 
body weight, but the error should be about the same in all series, 


' Details concerning the action of the extract on the carbohydrate 
levels of hypophysectomized rats are given in the paper of Russell and 
Bennett (3). 
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rendering comparisons possible. In the first two series of experi- 
ments carbohydrate oxidation exceeded the amount of glycogen 
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Which disappeared, In the case of the trented hy popliveecte- 
mized rats the non-protein quotient and the amount of carbohy- 
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drate oxidized were not calculated, because accurate figures for 
urinary nitrogen could not be obtained. 

‘The diseussion which follows is based on the findings recorded in 
Table IL that hypophysectomized rats, duringa short fasting period, 
lose much more carbohydrate and have higher respiratory quo- 
tients than normal rats and that substitution therapy with an 
anterior lobe preparation retards very markedly the disappearance 
of carbohydrate and simultaneously depresses the respiratory 
quotient to the normal fasting level. 


Tarte Il 
wappearance and Oiridation during Fasting 
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* The average value of 3.3 mg. of N per 100 gm. per hour was used in caleu- 


lating non-protein 


DISCUSSION 


It has been considered by several workers that the frequent 
spontaneous hypoglveemias and oceasional low glycogen reserves 
found in hypophyseetomized animals are due to a deficient new 
formation of glucose from non-carbohydrate sources. Evidence 
has also been presented that when gluconeogenesis is stimulated 
by phlorhizin injections, hypophysectomized animals fail to show 
the usual rise in nitrogen metabolism (5). Finally, the ameliora- 
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tion of pancreatic diabetes following removal of the hypophysis 
has been attributed to decreased gluconeogenesis. 

The present experiments indicate that in hypophysectomized 
rats, under fasting conditions, factors other than gluconeogenesis 
play ardle. There was no significant decrease in nitrogen metab- 
olism such as one would expect to be associated with deficient 
glucogenesis. ‘The rise in respiratory quotient coincident with 
the increased rate of disappearance of carbohydrate reserves in 
the operated animals and—under treatment with anterior lobe 
extract—the prompt regression of the quotient to low fasting 
values occurring simultaneously with the preservation of glycogen 
levels are facts which point to some change in carbohydrate oxi- 
dation. 

It has been shown previously (6) that there exists in normal rats 
a mechanism which leads to the preservation of glycogen during 
fasting. During the first few hours of fasting a considerable 
amount of carbohydrate undergoes oxidation, about 23 per cent 
being derived from liver glycogen and 77 per cent from the rest 
of the body. Soon, however, an adjustment takes place. Car- 
bohvdrate oxidation diminishes progressively and the decrease in 
the glycogen stores is slowed down correspondingly until after IS 
to 24 hours of fasting a stationary state is reached, when the new 
formation of carbohydrate (from protein and glycerol) balances 
the small amounts of carbohydrate which the animals continue 
to oxidize. Comparison of the glycogen content of normal rats 
after 24 and 48 hours of fasting shows only a small loss of glycogen 
(an average of 22 mg. per 100 gm. of rat) and such animals have 
respiratory quotients at the fat-protein level. 

It now appears that the pituitary is concerned in the regulatory 
mechanism which leads to the preservation of glycogen during 
fasting. In hypophysectomized rats the glycogen of liver and 
muscle disappears at a greater rate and the respiratory quotient 
remains at a higher level than is the case in normal rats, suggesting 
that the pituitary exerts a restraining influence on carbohydrate 
oxidation and thereby enables the animal to maintain its glycogen 
stores during fasting. ‘This supposition is strengthened by the 
fact that substitution therapy with an anterior lobe extract de- 
presses the respiratory quotient to the normal fasting level and 
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at the same time retards very markedly the disappearance of 
glyeogen. An alternate explanation would be that the anterior 
lobe extract retards the mobilization of glycogen, which would 
secondarily influence carbohydrate oxidation. Preliminary ex- 
periments indicate, however, that when normal rats are treated 
with anterior lobe extract and are then given a glucose meal, they 
show a marked depression in carbohydrate oxidation. 

No studies have been carried out regarding the effeets of various 
periods of fasting on the carbohydrate levels and respiratory ex- 
change of hypophyseetomized animals other than the rat; it is 
possible that in conditions in whieh spontaneous hypoglycemia is 
known to occur after hypophysectomy in other species, results 
similar to those in the rat would be found. It should be con- 
sidered, however, that, when large laboratory animals such as 
dogs, cats, or rabbits are fasted the usual lengths of time, they 
are not comparable in their nutritional state to a much smaller 
animal such asthe rat. [It is possible that some other phenomena 
relating the anterior pituitary to carbohydrate metabolism may 
find their explanation in an effect on carbohydrate oxidation. 


SUMMARY) 


1. The disappearance of muscle glycogen, the oxidation of car- 
bohvdrate, and the excretion of urinary nitrogen were determined 
on rats which were normal, hypophysectomized, or hypophysee- 
tomized and then treated with an anterior lobe extract. 

2. With about the same amounts of glycogen available at the 
start of the fasting period, the hypophysectomized rats lost much 
more muscle glycogen and had correspondingly higher respiratory 
quotients than the normal animals. 

3. Treatment of the hypophyseetomized rats with an alkaline 
extract of beef anterior lobes diminished the loss of musele glyco- 
gen and restored the respiratory quotients to the levels observed 
in normal rats. 

4. The hypophysectomized rats exereted the same amount of 
nitrogen during the experimental period as the normal animals. 

5. It is concluded that hypophysectomized rats suffer a defect 
in the mechanism by which normally carbohydrate oxidation is 
depressed and carbohydrate levels thereby maintained during fast- 
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ing, and anterior lobe extructs are able torestore this hunetion, 
apparently exerting a depressing effect on carbohverate oNXida- 
tion. 
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DEUTERIUM AS AN INDICATOR IN THE STUDY OF 
INTERMEDIARY METABOLISM 


VII. STUDIES IN BILE ACID FORMATION* 


RE DOLE SCHORNIEIMER, RITTENBERG, BENJAMIN 
BERG. axe LOUIS ROUSSELOT 


(From fhe partments of al parry. Pathology, anmed Surgery, 
College Phys and Surqeona, erly, New Dork) 


(Reeeived for Julw 16. 


It has been frequently suggested that cholesterol is the com- 
mon precursor of all the steroids’ present in the animal organism. 
In a previous communication (1) it has been shown, by the use of 
deuterium as an indicator, that the ketones, cholestenone and 
coprostanone, could be converted to coprosterol by the organism. 
The hypothesis was there discussed that these ketones, in addition 
to being intermediates in the formation of coprosterol, might also 
be coneerned in the transformation of cholesterol into other 
steroids. ‘The conversion of cholesterol to bile acids would involve 
the hydrogenation of the double bond to give an analogous ¢rs- 
decalin configuration, as in the ease of coprosterol. 

To test the possibility of a conversion of coprostanone into the 
bile acids a series of dogs with bile fistulas were injected with a 
SUIS of the COP Trost im our coprostero! 
experiments (1). The bile of these animals, after injection, con- 
tained an unsaponifiable substance (probably unaltered copros- 
tanone) whieh contained deuterium. This substance could be 
separated from the bile acids only with considerable difheulty, 
and in our first experiment, in which the bile acids were not rigor- 
ously purified, the presence of a small amount of deuterium in the 


* This work was carried out with the aid of a grant from the Josiah Maevy, 
Ir  Poundation 

The term “ste revel has bes it (private contin 
munication) as ‘a generic name for the group of compounds comprising the 
contain the eal rite rant here me ring 
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cholic acid fraction suggested that a partial conversion of copros- 
tanone to cholie acid had occurred. In subsequent experiments, 
however, analytically pure cholie acid was obtained by recerystal- 
lization, and these samples contained no detectable amounts of 
deuterium. This result again illustrates the necessity of working 
with only highly purified compounds in those experiments in 
which deuterium is used to trace biological conversions. The 


He 
i] 
fia) 
lil 


Chole acid 


presence of the deuterium-containing substance in the fistula 
bile of our dogs is proof that the injected coprostanone (or a sub- 
stance derived from it) had passed through the liver without 
being utilized by this organ in the formation of cholie acid. 

In experiments in which biological transformations are traced 
by the conversion of deuterium-containing substances into other 
compounds, it is necessary to exelude the possibility of chemical 
reactions occurring at those carbon atoms to which the deuterium 
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is attached, since such reactions might lead to the elimination of 
deuterium from the moleeule (2). In the present ease the loss 
of both deuterium atoms from the coprostanone-4 ,5-d; molecule 
seems highly improbable. While the deuterium atom at carbon 
atom 4 may exchange with the hydrogen of the solvent by enoliza- 
tion of the carbonyl group at position 3 (1), no reaction in the 
hypothetical conversion of coprostanone to cholie acid (shorten- 
ing of the side chain, reduetion of the carbonyl to a hydroxyl 
group, and introduction of two hydroxyl groups at carbon atoms 
7 and 12) would involve the loss of the stable deuterium atom at 
carbon atom 5. 

The absence of deuterium in the cholie acid isolated in our ex- 
periments indicates that coprostanone cannot be converted to 
cholie acid by the animal organism, and therefore cannot be an 
intermediate in the hypothetical conversion of cholesterol to 
cholie acid. These negative results raise the question as to 
whether the frequently metabolic relationship between 
cholesterol and the bile acids exists, or whether both groups of 
substances (and this may also be true of the sex hormones) are 
not synthesized independently in the animal organism. Further 
experiments are being carried out in this direction. 


EXPERIMENTAL 


The bile fistulas were prepared by the method of Rous and 
MeMaster (3), the first injection of coprostanone being given 1 
week after the operation. Bile was collected in rubber balloons 
which were emptied daily under aseptic conditions. The dogs 
were fed the usual diet of raw meat with the addition of a small 
quantity of cod liver oil. Only those animals were used in which 
the bile was clear and showed no signs of infection. One dog 
was discarded because of a progressive decrease in the daily 
excretion of bile. 

The coprostanone-4 ,5-d, was prepared by the method of Schoen- 
heimer, Rittenberg, and Graff (1). It contained 3.44 atoms per cent 
of deuterium. The emulsion was obtained by dissolving 2 gm. of 
coprostanone-4 and 2 gm. of purified lecithin in ether. The 
ether was removed, the residue stirred up with 100 ee. of warm 
water (65°), and then passed through a mechanical emulsifier at 
65°. The resulting creamy emulsion, which appeared homo- 
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geneous under the microscope, was injected immediately after 
its preparation. 

Injections were made into the jugular vein, without anesthesia, 
the administration of 30 ce. of the emulsion requiring somewhat 
longer than 30 minutes. The dogs showed no unfavorable re- 
sponse and in no case was there a decrease in the bile flow after 
injection. The injections were made on alternate days, the bile 
being collected until 24 hours after the final injection. 

The experimental data are summarized in Table I. 

Isolation of Cholic Acid —The bile was added to twice its vol- 
ume of aleohol, and the solution was brought to a boil and then 
filtered. The filtrate was brought to dryness; the residue was 
dissolved in 20 per cent NaOH and hydrolyzed for 24 hours on 
the steam bath. The solution was acidified with HCI; the gammy 


Tarte 
Bile Arids Isolate d after (oprostanone pes 
+ Total Volume of Amount of 
“ of of coprosta bile ueed for tule acid 
ke gon cr gm. 
2 2 1.1 14 
3 1! 3.8 


precipitate Wiis centrifuged down, washed several times with 
water, and dissolved in dilute aqueous ammonia. The fatty 
acids and a small amount of desoxycholic acid were precipitated 
with Ba(OH),. The mother liquor was acidified with H.SO, and 
extracted with ether. The ether was washed free from acid with 
water and dried over Na,SQ,. The material present in this ether 
solution consisted principally of cholic acid. 

The ethereal solution obtained in this manner from the bile of 
Dog 1 was brought to dryness and the residue extracted for | 
hour with boiling xylene in the expectation that this procedure 
would remove the remaining fatty acids and unsaponifiable ma- 
terial (4). The 0.700 gm. of yellow erystalline material remain- 
ing after the extraction melted indistinctly at 180 190°. It con- 
tained 0.06 atom per cent of deuterium. 
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The bile of Dogs 2 and 3 was treated similarly, the cholie acid, 
however, being isolated in analytically pure form after the un- 
saponifiable fraction of the bile was removed first by ether ex- 
traction. This was done by continuous ether extraction of the 
alkaline hydrolysate of the bile for 24 hours. The residue from 
the ether was again saponified with 7 per cent KOH in methyl 
aleohol. The unsaponifiable material thus obtained (0.262 gm.) 
consisted of a yellow semicrystalline mass. It contained 1.1 
atoms per cent of deuterium. 

The alkaline hydrolysate of the bile remaining after ether ex- 
traction was acidified with HCl The precipitate was centrifuged 
down, washed with water, and dissolved in dilute ammonia. The 
<olution was acidified with H.SO, and extracted with ether. The 
ether was washed free of acid and dried over NasSQ,. To obtain 
pure cholic acid this ether extract was brought to a small volume 
and placed in the refrigerator for several days. The supernatant 
ether was then decanted from the heavy erystalline prisms of 
cholic acid adhering to the walls of the flask. The erystalline 
material was washed with ice-cold ether and reerystallized three 
times from aqueous aleohol. After drying in vacuo over PO, 
for S hours, both samples (Dogs 2 and 3) had a melting point of 
106°. The deuterium content of both samples was 0.00 + 0.03 
per cent, 


Analysis of Cholic Acid from Dog 3--Caleulated. C 705A, Ht OST 
Found. 


SUMMARY 


Dogs with bile fistulas were injected intravenously with an 
emulsion of coprostanone-4,5-d,. A deuterium-containing un- 
saponifiable substance (probably unaltered coprostanone) was 
subsequently found in the fistula bile. The cholie acid isolated 
from the bile in analytically pure form did not, however, contain 
any deuterium. The experiments indicate that coprostanone is 
not an intermediate in the hypothetical conversion of cholesterol 
into cholie acid. 


The authors are highly indebted to Mr. M. Graff for his valu- 
able assistance in the course of these experiments. 
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Of the many alleged precursors of creatine only two compounds, 
namely glycine and guanidoacetic acid, have been found to increase 
the urinary creatine output with any degree of regularity (1). 
However, as previously stated, this does not necessarily prove their 
conversion into creatine; at best the evidence is only presumptive 
of extra creatine production. Indeed, in relation to the amount 
fed, the increment in the case of glycine is so small as to suggest 
that it may be due, not to its conversion into creatine, but perhaps 
to other causes, such as stimulation of cellular metabolism, in- 
creased renal function, or a “washing out” of free creatine from 
the tissues. 

The evidence that a given compound is a precursor of creatine 
would be materially strengthened by the demonstration that it 
not only increases the urinary output, but at the same time defi- 
nitely raises its content in the tissues. According to Beard and 
associates (2, 3) the administration to young rats of | gm. of gly- 
cine resulted in an average increase of 15.4 per cent in muscle crea- 
tine and an augmented urinary output, averaging 35.9 per cent. 
Feeding 1 gm. of guanidoacetic acid is said to have raised the level 
of musele creatine by an average of 48.5 per cent. The force of 
these observations seems to be weakened, however, by the fact 
that Beard and coworkers obtained equally astounding changes on 


* Aided by a grant from the National Research Couneil, 
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feeding Various proteins, amino acids, and other compounds, some 
of which are chemically quite unrelated to creatine and creatinine. 

The data in the earlier literature (4) purporting to show that 
guanidoacetic acid produces @ significant Increase in creatine ex- 
cretion is fairly convincing, but as regards the effect on muscle, 
the results have often been negative and far from uniform. Never- 
theless, considering the available data as a whole, the evidence 
for a direct conversion into creatine seems to be somewhat more 
definite for guanidoacetic acid than for any other compound 
studied from this standpoint. The current interest in glycine as 
therapeutic agent in muscle disease and the hy 
tain investigators that this amino acid is a precursor of creatine 
are among the reasons which stimulated the present attempt te 
Clarify certain questions ly comparing the Dit ets of few dling uly- 
cine, guanidoacetic acid, and ereatine on the distribution of the 
latter in the tissues. As the work progressed, it was realized that 
the problem might further elucidated hy determi 
dition the guanidoacetic acid content of the tissties 


thods for Pr ly minary | riments 


kor each series of observations twelve rats of the same sex and 
approximately the nage and weight were selected, the 
evening preceding the experiment a specimen of muscle was ex- 
cised from the right thigh of each rat, after which the operative 
wound was carefully sutured. There was a minimum of trauma 
connected with this procedure, the animals Appearing quite hor- 
mal within a half hour after the operation. This was pertormed 
under light ether anesthesia. On the following morning eight of 
the rats received the test substance, dissolved or suspended in 4 
to 5 ce. of water, by stomach tube. The remaining four rats 
served as controls and received 4 to 5 ce. of water (in later experi- 
ments 1 gm. of glucose dissolved in water was given to the control 
animals). Only one compound was studied at a time, the doses 
being 50 and 100 mg. for creatine, 100 and occasionally 200 mg. 
for guanidoacetic acid, and 1 gm. for glycine. It is appreciated 
that the last dose may be considered very large and unphysiologi- 
eal, a comparable dose in the average man being 300 to 400 gm. 
However, there was no alternative to the use of an effective dose, 
amounts much less than | gm. having been found not to augment 
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creatine exeretion. As a rule no untoward effeets resulted from 
the glycine; occasionally mild diarrhea developed. 

Following passage of the stomach tube a rat was sacrificed at 
hourly intervals for the first 6 hours, then at 12 and 24 hours. 
The controls were usually sacrificed at 1, 6, 12, and 24 hours. 
Musele for analysis was removed from the unoperated hind limb. 
The heart, liver, and kidneys were likewise excised for analysis. 
For the determination of ereatine the method of Rose, Helmer, 
and Chanutin was used (5). 

Five series of experiments were performed with glycine, four 
with guanidoncetie acid, and three with ereatine. 


Results of Preliminary Experiments 


In order to economize space only a brief summary of the results 
will be given. 

Hleart— The creatine concentration of the myocardium was not 
appreciably affected in any of the experiments. 

Muscle The creatine concentration of the muscle was only 
slightly increased by the administration of creatine, the peak oe- 
curring usually between the 3rd and 6th hours (usually about 15 
to 20 mg. per 100 gm. in rats receiving 100 mg. of creatine). The 
effect was evidently transitory, as the concentrations at 12 to 24 
hours closely approximated the biopsy specimens. In about half 
the rats fed guanidoacetie acid the concentration of creatine in- 
creased slightly above the biopsy specimen level; in the others the 
change was even less definite. Most of the data on the glycine- 
fed rats, as well as in the control animals, differed from the results 
obtained on the biopsy specimens to the extent to be expected 
owing to the limitations of the analytical proceedure. In some 
cases the concentration seemed to be definitely below the initial 
level. 

Liver” Following its administration the concentration of crea- 
tine in the liver was invariably increased, often attaining values 
400 to 500 per cent above normal at L to 2 hours. The high level 
was usually maintained for 4 to 5 hours, after which the concen- 
tration rapidly declined, essentially normal values being obtained 
at 12te 2hours. It was surprising to discover, on the other hand, 
that guanidoacetie acid produced little, if any, change. There 
was an apparent increase of 3 to 4 mg. per 100 gm. of liver, but 
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as guanidoacetic acid itself exerts a chromogenic effect with pie- 
rate (100 mg. is equivalent to about 4 mg. of creatinine), it is 
doubtful whether the small increment actually represented erea- 
tine. In the glyvcine-fed animals the creatine concentration either 
remained unchanged or was slightly lower than in the controls. 

Kidney —The creatine concentration of the kidney was signifi- 
cantly elevated in all experiments, the greatest effect occurring, 
as was to be expected, in the creatine-fed group. In the rats 
sacrificed at 1, 2, and 3 hours, there was often a 300 to 400 per 
cent increase (from a normal of 40 to 50 mg. to as much as ISO 
mg. per 100 gm.). The concentration then diminished at a vari- 
able rate, returning to normal within 24 hours and occasionally 
sooner (12 hours). The administration of guanidoacetic acid 
likewise produced a sharp rise in kidney “creatine,” the maximum 
increment approximating SO to 100 per cent and occurring in 6 to 
12 hours. By the end of 24 hours the concentration diminished 
tonormal. In the glycine-fed rats the increase in concentration, 
though definite in about two-thirds of the cases, rarely exceeded 
the basal level by as much as 50 per cent. The high point was 
usually attained in 4 to 6 hours. 

Although it was considered improbable that more than a frae- 
tion of the creatine increment could be due to other substances 
giving the Jaffe reaction, nevertheless it seemed desirable to 
determine the amount of guanidoacetic acid accumulating in the 
kidneys. Weber's procedure (6) was adapted to tissue analysis 
and proved so satisfactory that its use was extended to include 
muscle, heart, liver, and alimentary tract. 


Mithod 


Approximately 3 gm. of tissue in 50 ce. of 04. N HCl] are auto- 
claved at 15 pounds pressure for not more than 5 minutes. This 
aids in the disintegration of the tissue. After the solution is 
diluted to 200 cc. with water, the procedure is essentially that 
employed by Weber for urine. 10 gm. of Lloyd's reagent are 
added and the mixture stirred continuously for 3 minutes, then 
filtered on a Buchner funnel, and the residue rinsed with water, 
slightly acidified with sulfurie acid. The Lloyd's reagent is then 
suspended in 100 to 150 ec. of water, treated with 10 gm. of ba- 
rium hydroxide, stirred for 3 minutes, and filtered with suetion, the 
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residue being rinsed several times with water. The barium in the 
filtrate is precipitated with 40 per cent sulfuric acid, added to the 
Congo red end-point. After the mixture is diluted to 250 ce. 
and stirred, 50 ec. are removed and centrifuged. The clear super- 
natant fluid is separated and made alkaline with basic lead ear- 
bonate, after which it is filtered. 25 ce. of the filtrate are shaken 
with 3 gm. of permutit for 5 minutes and filtered. To 5 ce. of 
the filtrate (or diluted filtrate if the concentration of guanidoacetic 
acid proves to he too high) in a large test-tube (200 « 25 mm.) 
‘ are added 1 ce. of 10 per cent sodium hydroxide and 1 ce. of 
0.04 per cent a-naphthol. In our laboratory the tubes are placed 
in an ice water bath and kept in the refrigerator for at least 15 
minutes. ‘To the eontents are then added 0.3 ce. of a cooled solu- 
tion of sodium hwpobromite (2 gm. of bromine added to 100 ce. 
of 5 per cent sodium hydroxide), followed by | ee. of 40 per cent 
urea solution and lO ce. of water, the last two being likewise chilled. 
The color which develops in the presence of guanidoacetie acid is 
compared in the colorimeter with that produced in a standard 
solution (5 ec. 0.025 mg.) treated in precisely the same manner, 
except that only 0.2 ce. of sodium hypobromite is used, as sug- 
gested by Weber. 


' Weber's method has a high degree of specificity. Such compounds as 
arginine and methviguanidine which give a direct Sakaguchi reaction are 
alrneost completels removed before the color-producing stage is reached. 
fn our hands 100 mg. of arginine, carried through the usual procedure, 
vielded a color equivalent to not more than 3 mg. of guanidoacetic acid. 
For all practical purposes there was no interference from the following 
substances: sarcosine, choline, betaine, creatine, ereatinine, glveine, 
alanine, histidine, guanidine (hydrochloride, carbonate, and acetate), 
methviguanidine. We have not had an opportunity to investigate the 
homologues of guanidoacetic acid. The effect of feeding these substances 
on the composition of the urine was determined in detail. Glveine (two 
doses of 1 gm.) produced an average increase of 1.2 mg. of urinary guanido- 
acetic acid per 48 hours. Arginine given in 100 mg. daily doses produced 
an apparent increase of 0.0 mg. per 4S hours. 50 me. of guantdoacetic acid 
given daily for 2 davs increased the urinary output by 20 te 33mg. When 
1) mg. were given in a single dose, the excretion was 40te50 me Acecord- 
ing te Weber (personal communication) the recoveries of added guanide- 
aceticacid have been Sb +S percent. In our hands the recoveries have been 
more nearly 75 + 5 percent. In the data recorded in this paper ne corree- 
tion has been made for the probable error. 
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daily output of guanidoacetic acid of as little as 0.2 to O45 me. may 
estimated quantitatively. However, in the analysts of the tissues where 
about 3 gm. only were available, a trace (+) probably represented 1 te 2 
mg. per 1im) git. and a strong trace (+ +) as miu hasome per cent 
t The creatine recovered from the alimentary tracts of Rat« 670, 671, and 
672 amounted to 28.1, 23.5, and 23.5 mg., respectively. In Rates O73, 674, 
and 675 the recoveries were 18.3, 17.7, and 17.1, respectively. 
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A total of thirtv-nine rats was used, these being divided in 
groups of three. OF the thirteen groups, two were controls, six 
received guanidoacetic acid (100 me.), two creatine (100 meg.), 
and three glveine (1 gm... The animals were autopsied at 3, 6, 
12, and 24 hours, as shown in Table 1. Biopsy specimens were 
not taken in these experiments. For analysis it Was necessary 
to combine the three hearts of each group. The three right kid- 
nevs of each group were analyzed together for creatine, the three 
left for guanidoacetic acid. There were sufficient liver and muscle 
lor separate analvses on each rat. The entire alimentary tract 
and its contents were removed from each animal and analyzed 
“ parately, A number of rats were kept in individual metabolism 
eages in order to secure their urine for analysis. 


Results 


Guanidoacetice acid apparently does not occur normally in 
musele, liver, and heart in sufficient amounts to be demonstrable 
by the method used, but in the kidneys it is usually found in 
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traces, Which is not surprising in view of the excretion of about 0.5 
mg. daily. Appreciable amounts have also been found in rat 
testes and intestines. The significance of these findings is under 
Investigation. 

It will be noted that the greater part of the guanidoacetic acid 
disappeared from the alimentary tract during the first 3 hours, 
after which absorption was more gradual. However, little re- 
mained at the end of 24 hours. A considerable amount appeared 
in the liver, but it is interesting to observe that none was found nt 
12 and 24 hours. In agreement with the results prev lousty le- 
scribed there was no clear cut rise of the creatine content of the 
liver, except perhaps in) Rats 652 to 654. Guanidoacetic acid 
likew ise din musele and heart, but in insufficient amounts 
for quantitative estimation. Considerable anwounts occurred in 
the kidney during the first 6 hours. Its rapid elimination is 
indicated by the presence of slightly more than traces at 12 and 
24hours. The urine exereted during this time contained as much 
as oO per cent of the administered guanidoacetic acid As in 
previous experiments the increase ta creatine in the kidney (ana 
urine) was much more than could be accounted for on the basis of 
the chromogenic effect of the acid. 

In the creatine-fed rats the results were similar to those pre- 
viously described (note particularly the changes in the kidney and 
liver). ‘The liver, musele, and heart were free from guanidoacetic 
acid. As in the control rats, a trace of this compound was pres- 
ent in the kidneys. No special significance can be attached to the 
creatine Values obtained for the musele. 

Cruanidoacetic acid Wits likewise absent Preeti thie live r. musele, 
and heart of the glveine-fed rats. In connection with other work 
it has been observed that the administration of | gm. of glveine 
increases somewhat the output of guanidoacetic acid. However, 
the increment, which rarely exceeds 0.5 mg., is probably attribut- 
able to the same fundamental causes which increase the creatine 
excretion. Analyses of Varlots preparations ine have 
vielded negative results lor acid (| 


Disc TSSTON 


Brand and Harris have stated (7): “Our experiments indicate 
that the guanidine group of creatine is synthetic in origin and that 
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glycine is involved in creatine formation.” This view is based 
partly on the diseovery of increased creatine exeretion as the 
result of feeding glycine in cases of progressive pseudohypertro- 
phie museular dystrophy (8) and partly on the observation that 
the administration of benzoie acid produced a marked drop in 
creatine exeretion, presumably by removing glyeine from the 
metabolic mixture (7, 8). Freiberg and West (9) have shown, 
however, that in pseudohypertrophic muscular dystrophy the 
capacity of the organism to produce glycine in response to benzoie 
acid differs in no way from that in the normal individual. In the 
rat the administration of benzoie acid has been found not to di- 
minish the output of creatine (unpublished data). Additional 
evidence of the conversion of glycine is the change in muscle 
creatine reported by Beard and associates, as previously men- 

For the sake of argument suppose it were conceded that glycine 
Is Precursor of creatine and, to be conservative, it were 
further assumed that the conversion affected only a small fraction, 
perhaps 5 toe 10 per cent of the glycine fed. What changes might 
then be expected under these circumstances? Musele comes first 
to mind because it is so definitely linked with ereatine metabolism. 
Obviously a consistent increase in the ereatine content of muscle 
would point to glveine as a preeursor, but to expect that this must 
necessarily occur would be to ignore certain fundamental prin- 
ciples. The idea that the fate of creatine is restricted to its stor- 
age, conversion into creatinine, and exeretion has been definitely 
disproved by Benediet and Osterberg (10), who showed that about 
two-thirds of the creatine fed to dogs followed other paths im 
metabolism. The destruction of creatine by the organism has 
also been observed by Chanutin and Silvette (11) In experiments 
with nephrectomized rats. These workers had previously de- 
termined the conditions under which creatine accumulates in the 
tissues of the normal rat (12). 

In view of the difficulty of demonstrating a definite increase in 
musele even when creatine itself is fed in small amounts, a nega- 
tive result with glycine cannot therefore be considered as eructal 
evidence against the view that it is a precursor of creatine. It is, 
however, signifieant that in the work presented here and elsewhere 
(13) the results with glycine have been invariably negative, differ- 
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Ing thus from Some positive results obtained under similar Coll 
ditions with creatine and guanidoacetic acid. It is perhaps not 
unreasonable to suppose that if glycine were converted into crea- 
tine and this involved the formation of guanidoacetic acid as an 
intermediate, the latter would have aceuwmulated in muscle and 
liver in sufficient amounts to have been detected. 

From 40 to 50 per cent of the guanidoacetic acid fed was ex- 
ereted unchanged. The extra creatine production accounted for 
an additional 10 to 15 per cent. From the data it would appear 
that methylation occurred predominantly in the kidney. There 
is, however, the possibility that at least some of the creatine may 
have originated in muscle. The concentration of gtinnidonecetie 
acid in musele was probably never in excess of 10 me. per cent in 
our experiments. liven if it had been completely converted into 
creatine, the change could not have been clearly demonstrated 
from the estimations of tissue creatine. Similar CITCUIMST ANCES, 
we believe, explain also the failure of Mellanby (14) and Baumann 
and Hines (15) to show a definite increase in muscle creatine, fol- 
lowing the administration of guanidoacetic acid. 

The results seem to indicate that the kidnevs may have plaved 
a prime role as a site of creatine formation in our experiments; 
vet it is not assumed that this occurs under normal conditions of 
metabolism. Although the evidence is fragmentary, it is not in- 
conceivable that guanidoacetic acid may be formed at a fairly 
constant rate, that most of it is converted into creatine in musele 
and of that which escapes and reaches the kidney a part is meth 
viated and the rest excreted unchanged. This is an extension of 
Weber's conception (6) that the occurrence of guanidoacetic 
acid in urine represents an overflow phenomenon of an interme- 
diate metabolic product formed in excess of the needs of the belly. 
We have confirmed Weber's obser ation (160) eones rning the 
currence of this constituent in the urine of normal men and women. 
That guanidoacetic acid may prove of considerable interest. ts 
Indicated hy its augmented exeretion in both clinical and 
mental hyperthyroidism and diminished output lywpothwroid- 
ist (unpublished data). 

Suggestive as the present results may seem that guanidoacetic 
acid is the immediate precursor of creatine, it is realized that cer- 
tain fundamental questions must be answered before this rela- 
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tion is firmly established. It must be shown, for example, that 
a source of guanidoacetic acid exists in the organism and that it is 
produced in amounts more than sufficient to account for all the 
creatine and creatinine produced in metabolism. Because of the 
predominance of creatine in muscle it will be of interest to deter- 
mine Whether this is not the principal site of guanidoacetie acid 
methvlation. 
SUMMARY 


Creatine fed to rats in amounts of 50 to 100 mg. produced a 
slight, though transitory increase of its content in muscle. No 
definite change was observed in the myoeardium. In the liver 
the coneentration increased invariably, often as much as 400 to 
S00 per cent, returning to normal in 12 to 24 hours. In the kid- 
nev the change was equally striking. Analysis of the tissues for 
guanidoacetic acid revealed no departure from the normal. 

Cjuanidoacetic acid was not found in the heart, musele, and liver 
of normal rats, but traces were present in the kidneys and alimen- 
tarv tract, including its contents. 

At intervals following the administration of guanidoacetic acid, 
its distribution was determined. Of the amount absorbed, con- 
siderable quantities appeared in the liver and kidneys. Al 
though its presence in muscle and heart was definite, the concen- 
tration was insufficient for quantitative estimation. As much as 
50 per cent was exereted in the urine unchanged. These findings 
were accompanied by a definite increase of creatine in the kidneys 
‘and urine), suggesting that methvlation of the guanidoacetic 
veid may have occurred in the kidneys. However, it is not as- 
sumed that musele may not be the principal site of guanidoacetic 
methylation in normal metabolism. In view of the oeeur- 
renee of guanidoacetic acid in large amounts in the liver and the 
failure to show an inerease in creatine, it is surmised that the liver 
plavs an insignificant role, if any, in creatine production. 

In the glveine-fed rats, the musele did not show even the slight 
or trederate changes observed in the other groups. There was 
no inerease in ereatine in the liver and heart, and the change in 
the kidnevs Was more or less commensurate with the slightly 
sugmented creatine exeretion under these conditions. re- 
garcds the occurrence of seid, there was essentially 
ne departure from the normal, 
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The results of the present study furnish additional evidence 
for the conversion of guanidoacetic acid into creatine, but do not 
Support the contention that glycine is a precursor of creatine, 
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It has been shown by several observers (15) that the titration 
method for the estimation of aseorbic acid may be applied to 
Whole blood and plasma as well as to other animal tissues. Mir- 
sky, Swadesh, and Soskin (4) reported values for the total ascorbic 
acid content of whole blood ranging between 1.11 and 2.88 me. 
percent. Farmer and Abt (5) determined the reduced ascorbic 
acid content of blood plasma and reported values of from 0.69 
to 2.36 mg. per cent. The observation of an unusually high value 
for whole blood in a patient with leucemia led us to investigate 
the partition of ascorbie acid in blood. Determinations of the 
reduced ascorbic neid eontent of whole blood, plasms, packed 
red blood cells, and white blood cells were made on thirty speeci- 
mens of blood obtained from a group of normal subjects and 
patients with a variety of pathologic conditions. 

Venous blood was obtained from the subject either before 
breakfast or after a breakfast containing no appreciable source 
of vitamin ©. Heparin or potassium oxalate was used as an 
anticoagulant. As a rule 50 ee. of blood were obtained for each 
analvsis; smaller quantities were sufficient when the white blood 
cell count was very high. The whole blood was centrifuged at a 
speed of 2500 revolutions per minute for a period of | hour or 
longer. This resulted in the separation of the sample into three 
distinet layers, consisting of packed red blood cells, the buffy 
laver of packed white blood cells and platelets, and the supernatant 
plasma. Samples of plasma and red blood cells were removed 
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and measured by means of a pipette. When the white blood cell 
count was normal, or but slightly elevated, the buffy layer was 
usually found as a closely packed coagulum which could be 
removed with forceps and transferred to a weighing bottle. The 
examination of a number of stained sections and differential 
counts of plasma suspensions of the buffy layer obtained in this 
manner showed that the sample was composed almost entirely 
of white blood cells; red blood cells were seldom present In EXCESS 
of 5 per cent. By means of this procedure from 0.2 to OS gm. 
of packed white blood cells could be obtained from 50 ec. of blood 
when the white blood cell count was normal. In patients with 
very high white blood cell counts, the creamy buffy layer was 
removed by means of a wide mouthed pipette. 

To 2 cc. samples of whole blood, plasma, or packed red blood 
cells were added 2.5 ec. of 20 per cent trichloroacetic acid and 5.5 
cc. of distilled water. The deproteinized filtrate was used for 
the estimation of ascorbic acid. The packed white blood cells 
were accurately weighed, transferred quantitatively to a mortar, 
and ground with fine sand. The resulting mixture was extracted 
by shaking for 5 minutes with 3 ec. of the 20 per cent acid mixture. 
After the addition of Vee, of distilled water, ana thorough shaking 
for 10 additional minutes, the mixture was filtered. 

The ascorbie acid content of the filtrates obtained as described 
above was determined by rapid titration against a standardized 
solution of 2 .6-dichlorophenol indophenol, according to the 
method described hy Birch, Harris, and Ray (6). ‘The titrations 
were completed within 30 seconds and were always made in 
duplicate. Results were expressed as mg. of reduced ascorbic 
weld per 100 ec. of whole blood, plasma, and packed red blood 
cells and as mg. per 100 gm. of packed white blood cells. 

bujita and Iwatake (a) have observed a loss of ascorbic nega cont 
standing in solutions of trichloroacetic acid and suggest the sub- 
stitution of 2 per cent metaphosphoric acid for 5 per cent tri- 
chloroacetic acid in the extraction of tissues for the estimation of 
ascorbic acid. We have repeatedly demonstrated that the ascor- 
hic acid content of trichloroacetic acid extracts of tissues and 
solutions of ascorbie acid remained constant for as long as 24 
hours, when stored in the dark and kept cold and stoppered. ‘The 
titration of extracts made with solutions containing metaphos- 
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phorie acid in exeess of 1 per cent has proved unsatisfactory in 
our hands, principally owing to a marked frothing of the mixture 
during titration, making it difficult to reach a sharp end-point. 
At the suggestion of Dr. King' and Dr. Tressler,' an acid mixture 
containing 16 per cent of trichloroacetic acid and 4 per cent of 
metaphosphorie acid was substituted for 20 per cent of trichloro- 
acetic acid in a number of experiments here recorded, but this 
seemed to offer no advantage over the use of trichloroacetic acid 
alone. When the preeautions outlined by Ahmad (8) are followed, 
we have found trichloroacetic acid extracts satisfactory for the 
determination of the aseorbie acid content of blood and other 
tissues. 

It is generally considered that the substance reacting with the 
indophenol reduction indicator under the preseribed conditions 
is ascorbic acid. It has been shown that the amounts of ascorbic 
acid determined by the titration method compare closely with 
those obtained by biologie assay (1). Cysteine, glutathione, and 
other substances which are known to reduce the indicator appar- 
ently do not interfere if the titration is carried out rapidly. Far- 
mer and Abt (5) have shown that ascorbic acid may be quanti- 
tatively recovered from plasma deproteinized by means of tri- 
chloroacetic acid. Additional evidence of the identity of ascorbic 
acid and the reducing agent of animal tissues has been provided 
by the demonstration of the identity of the reduction velocities 
of trichloroacetic acid solutions of ascorbic acid and of comparable 
trichloroacetic acid extracts of rat intestine (9). The rate of 
reduction of the indicator by aseorbie acid was at least 350 times 
as fast as that by evysteine, glutathione, and material precipitated 
from tissue extracts by mercuric acetate. 

The results of thirty experiments are shown in Table lL. With 
the exception of the observations in patients with leucemia, the 
values for the aseorbie acid content of whole blood and plasms 
are similar to those reported by other investigators. Striking 
differences in the titration values of whole blood and plasma were 
observed only in those patients with high white blood cell counts. 
With but few exceptions, the ascorbic acid content of the red 
blood cells was found to be lower than that of whole blood or 
plasma, but the differences were not of great magnitude. Ina few 
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instances, in patients with leucemia, unusually high values were 
obtained for plasma and red blood cells, as well as for whole 


Subject 


blood. 
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Ascorbic Acid Conte nf of Whole Blood, Plasma, he d Blood iis, and 


White Blood lis 


Pneumonia 
Normal 
Peptic uleer 
Polvevthemia 


Cerebral hemorrhage 


Heart failure 
Peptic uleer 
Polvevthemina 


Pneumonia 
Hivpertension 
Cerebral hemorrhage 
Normal 
Polvevthemia 
Tuberculosis 
Influenza 

Normal 


Leucemia, mvelogenous 


myelogencas 


Ivmphatic 


mvelogenous 


Ivinphatic 


White 


117, 
14s, 


12, 


Wis, 


370 


as 


tri 


lim) 
yn 


» 


TLD 
TLD 


It is probable that incomplete 


whole 
Oo 70 
os 112 
oss TO 
iss 
it 
1.16 
1 
1 
1m 
1 1 1% 
148 1M 
1 1 
105 
1.63 
3.23 12.2 
303 167 
re 
»4>:1.14 
i 
172 1 
separation 


blood cells was responsible for these high values. 


The ascorbic acid content of the packed white 


Pocket Packed 


rend white 
Dols rad Dole 
cell. 

jer 


4 th 
om 
072 
102 
oa? 


119 
ios 
1 Ss 12 
2) re. 
174 2) 
31.0 

wo 
6447 47 
14.20 


of the w hite 


balan cells 


A. Da 
\ {, 
kh | 
G. 1 1140 
| 
AG _ 
7 
TOR 15.2 
| 
i 
Dp 
A. K | 
C.8 2 
M.T 
S. B 70 
O76 


1). J. Stephens and KE. ke. Hawley 657 


varied widely but was consistently and significantly higher than 
that of any of the other fractions, ranging from 6.95 to 75 mg. 
per cent. In general, somewhat higher values were observed in 
patients with leucemia than in those with normal or but slightly 
elevated white blood cell counts. 

Although the concentration of ascorbie acid in the leucoeytes 
was many times that in the red blood cells or plasma, the actual 
amount contained in the white blood cells was relatively small, 
except in the patients with leucemia. In subjects with normal 
white blood cell counts, the leucocytes comprise less than 1 per 
cent of the total blood volume, so that high concentrations of 
ascorbic acid in the white blood cells have but little effeet on the 
values obtained in whole blood. With very high white blood cell 
counts, however, the effeet of the ascorbie acid content of the 
lencoeytes on the values observed in whole blood becomes of 
significance. For example, the first determination in the case of 
ke. G. was made at a time when the white blood cell count was 
163,000 per cimm. The white blood cells made up 27 per cent of 
the whole blood volume, as determined by hematoerit. The 
white blood cell hematoerit at the time of the second and third 
determinations in this patient was IS per cent and 7 per cent, 
respectively. It is apparent that the unusually high values 
observed in the whole blood of the patients with leucemia were 
due to the preponderance of leucocytes, 

The number of observations is too small to permit statistical 
treatment or correlation of the results with the various disease 
conditions or with the vitamin intake of the individual subjects. 
In general, however, the values for whole blood and plasma corre- 
sponded to the previous vitamin C intake of the non-leucemie 
subjects. The lowest values for whole blood and plasma were 
observed in subjeet C. S. who had taken no antiseorbutie foods 
for several months. The highest values in the subjects without 
marked elevation of the white blood cell count were observed in 
individuals with good vitamin C intake. There was no apparent 
correlation of the coneentration of aseorbie acid in the leucoeytes 
with that of the whole blood, plasma, or red blood cells. 


SUMMARY 


The reduced ascorbic acid content of whole blood, plasma, red 
blood cells, and white blood cells was determined by titration of 
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trichloroacetic acid extracts with the indophenol reduction in- 
dicator. The concentration of ascorbic acid in the white blood 
cells was found to be much higher than that of the other fractions. | 
Unusually high values observed in the whole blood of subjects 
with leucemia were shown to be due to the preponderance of 


leucocytes in such samples. 
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Steudel (1) demonstrated that deaminized casein is inadequate 
as a souree of protein, and Hogan and Ritchie (2) observed that 
it may cause the development of anemia in animals that consume 
it. Gelatin and gliadin together form a complete protein mixture, 
but, when deaminized casein was included in the combination, 
anemia Was the inevitable result. If, however, deaminized casein 
was combined with untreated casein, anemia did not develop 
and the animals grew normally. It was decided, therefore, to 
extend these studies to other proteins and to other substances 
that offered promise of accelerating or retarding the anemic 
condition. 

A notable contribution on this tvpe of anemia has been pub- 
lished by Smith and Stohlman (3) who reported that they had 
confirmed our more important observations. They also included 
a description of the morphological changes that occur in the red 
cells. They observed that the biological value of deaminized 
casein Was not increased by the addition of amine acids, and the 
anemia was not relieved by the injection of liver extracts. If 
deaminized casein was treated with alkali, it no longer produced 
uremia, though it was still toxie and inhibited growth in young 
rats. These observations are in accord with our experience. 
The points on which we are not in entire agreement will be men- 
tioned later. 


* Contribution from the Department of Agricultural Chemistry, Mis- 
sourt Agricultural Experiment Station, Journal Series Ne. 462 
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EXPERIMENTAL 


Albino rats were used in these investigations. In order to 
shorten the experimental periods it was found advantageous to 
make the animals anemic before the experimental periods began, 
and then use the curative rather than the prophylactic technique. 
The anemia was first produced by limiting the animals to a milk 
diet, as described by Elvehjem and Kemmerer (4), until the red 
blood cell count had fallen to approximately 3 million per c.mm., 
The animals were then segregated in individual cages and put on 
the experimental rations. The cages were of the round, galvanized 
metal type, with sereen floors, 2 meshes to the inch. 

The rations used were of the conventional simplified type, and 
the approximate composition is as follows: milk fat 12.5, agar 2, 
salts 4 (5), cod liver oil 2, starch to make 100, protein LO to 25. 
In later descriptions of individual rations the percentages of the 
first five constituents will be omitted as the first four remain con- 
stand and the percentage of starch is readily caleulated. At first 
a mixture of tikitiki’ and liver extract’ was used as a source of the 
vitamin B complex, supplied separately. Fach of these vitamin 
B carriers supplied 250 mg. of dry matter daily toeach rat. Later 
2 per cent of a water extract of veast was included in the ration 
because some rats would not consume all of the tikitiki-liver ex- 
tract mixture. In some of our more recent work 6 per cent of 
dried yeast was used as a souree of the vitamin B complex in- 
stead of the water extract. 

Minimum Amount of Casein That Prevents Anemia In this 
extension of our investigations it seemed desirable to determine the 
minimum amount of casein that is required to protect against 
anemia. In our first efforts the casein was supplied soparately 
usa supplement to Ration 1910, deaminized casein 10, gelatin 10, 
water extract of Veust 2. The smallest allowance of the untreated 
casein Was 100 mg. daily and this amount was only slightly effee- 
tive. The red cell count declined, although there was some slight 
gain in body weight. A dose of 200 mg. daily had considerably 
more activity, though the number of red cells increased very slowly. 
The initial count was 2.6 million per eam. and in LO weeks this 
had increased to only 4.7 million. However, there were consider- 


' Prepared in this laboratory by the method of Wells (6) 
? Donated by Dr. David Klein of The Wilson Laboratories, Chicago. 
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able gains in weight, although the rate of growth was far below 
normal. Strangely enough a supplement of 400 mg. daily was 
not much more effective than 200 mg. There was a slight irregu- 
lar gain in the number of red cells, also slight though rather con- 
sistent gains in body weight. Because of the large quantities 
required to protect against anemia, it was then decided to inelude 
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bia 1. The amount of untreated casein required to prevent anemia due 
te deamimized casein falls between 2.5 and 5 per cent of the ration used 
(Curves TEL). The amount of deaminized casein required te produce 
anemia falls between 5 and 10 per eent of the ration used (Curves IVto VI I). 


the casein in the original mixture (Curves | to IIL, Fig. 1, A). 
All the rations contained LO per cent of deaminized casein and 2 
per cent ot the water extract of veust. The percentages of casein 
used were 2.5, 5.0, and 10.0.) In addition there was enough laet- 
albumin to make the total protein content 25 per cent. It de- 
veloped at once that 2.5 per cent of casein is insufficient. With 
5 per cent the animals became heavier and the red cell counts 
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increased consistently until they had attained a normal number, 
When the ration contained 10 per cent of casein, the animals grew 
rapidly and the red cell count quickly attained a high level. This 
would seem to show that at least when the ration contains 10 per 
cent of deaminized casein the protective level of ordinary casein 
lies somewhere between 2.5 and 5 per cent. 

This protective action of casein is the only important respect in 
Which our observations are at variance with those of Smith and 
Stohlman. Their Ration 6 contained 10 per cent of deaminized 
casein and 15 per cent of casein. The animals that received this 
diet lost weight, and their red cells showed the abnormalities 
characteristic of this type of anemia. However, the lowest count 
taken was 6.56 million per c.mm., which would indicate that the 
destruction of erythrocytes had been greatly retarded. Our 
Ration 2152 (Curve IIT, Fig. 1) is not markedly different from their 
Ration 6 but it supported a satisfactory rate of growth and per- 
mitted rapid regeneration of red blood cells. We have no posi- 
tive explanation of this divergence, but assume that it is due to 
differences in the methods of preparing the casein. 

Minimum Amount of Deaminized (asein That Produce x Ane- 
mia-—It also seemed essential to determine the minimum amount of 
deaminized casein that is required to produce anemia. The basal 
diet for these studies contained LO per cent of gelatin and 15 
percent of lactalbumin. When this ration was supplied to anemic 
rats, the red cells were rapidly regenerated and the rate of growth 
was satisfactory. When deaminized casein was included in the 
ration, it was substituted for an equal amount of gelatin (Curves 
to big. B). The lowest amount of deaminized casein 
was 2.5 per cent, then 5, and lastly the total amount was 10 per 
cent, thus replacing all of the gelatin. As would be expected 
from earlier observations, it was demonstrated that the ration 
containing 10 per cent of the deaminized casein, Ration 2149, was 
very far from being complete. There was a rapid decline in the 
number of red cells and there was a slight loss in body weight. 
When the ration contained 5 per cent of deaminized casein, the 
animals gained slowly but steadily in weight, and the red cells 
were regenerated at a rapidly increasing rate, until a normal 
count had been attained. When the ration contained 2.5 per 
cent of deaminized cascin, there was some evidence that the red 
cells were regenerated somewhat more rapidly than at the 5 per 
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cent level, but the animals did not gain any more rapidly in body 
weight. The critical level of the deaminized casein seems, there- 
fore, to lie somewhere between 5 and 10 per cent. 

Gelatin and ovalbumin have been deaminized by slight modifica- 
tions of the method used with easein. It seems worthy of reeord 
that their anemic activity is of the same order of magnitude as 
that of deaminized casein. 

Deaminized Amino Acids —It had been assumed that a reaction 
product of nitrous acid and some amino acid was responsible for 
the injurious effeets of deaminized casein, but all attempts to 
identify such a substance had failed. It seemed possible that, if 
the amino acids themselves were deaminized, the active agent 
might be obtained as a free compound, and that its isolation and 
identification would be greatly facilitated. The proceedure was as 
follows: 250 gm. of casein, 745 gm. of concentrated sulfurie acid, 
and 1500 gm. of water were digested on a sand bath for 28 hours. 
The resulting solution was then diluted to 6 liters and enough 
barium hydroxide was added to neutralize three-fourths of the 
aeid. The barium sulfate was filtered off and washed thoroughly 
with hot water. ‘The filtrate and washings were then concentrated 
to L500 ee. on a steam bath. 200 @m. of barium nitrite, dissolved 
in 500 ce. of water, were added slowly to the amine acid mixture, 
with constant stirring. This process required 2 hours. After 
standing overnight, barium hydroxide was added until the solution 
contained only a very slight excess of sulfurie acid. The barium 
sulfate was filtered off, washed thoroughly with hot water, and the 
combined filtrate and washings evaporated almost to dryness on a 
steam bath. The residue was gum-like and difficult to manipulate, 
<0 50 gm. of caletum hydroxide, suspended in a littl water, were 
added to the deaminized mixture and it was again evaporated to 
dryness. The ealetum salts formed a friable mixture that could 
be ground to a powder and easily incorporated in the ration. 
From 250 gm. of casein the vield was 225 gm. The ration con- 
tained 10 per cent of the deaminized amino acids and 15 per cent 
of lactalbumin. ‘This diet had no depressing effeet upon the red 
blood cells, for it was observed that they were regenerated at al- 
most the normal rate. Apparently, however, these deaminized 
amino acids were toxic, as was shown by the more or less rapid 
loss in weight 
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As the next step in the search for some remedial agent it was de- 
cided to examine a number of miscellaneous products for their 
curative action. The basal ration used, Ration 2149, was the 
same in all cases. The various substances investigated included 
milk, egg volk, the water extract of veast, wheat germ oil, and a 
number of animal tissues. These were muscle, stomach, and liver 
in amounts ranging from 100 to 400 mg. daily. In no case could 
any important curative action be observed. 

It is well known that iron and copper are essential for hemo- 
globin formation, so in a few cases additional amounts were sup- 
plied the experimental animals. These adjuvants, 0.5 mg. of tron, 
and 0.05 mg. of copper daily per animal were entirely ineffective. 

Relation of Nitroso Compounds to Anemia—As has been men- 
tioned before, there is practically no information as to the rene- 
tions that occur when proteins are treated with nitrous acid, 
However, the suggestion has been made that nitrose compounds 
are formed. It seemed desirable, therefore, to investigate the 
possibility that the toxic action of deaminized casein may be due to 
some such substance. Two of these compounds have been in- 
vestigated, nitrosobenzene® and the sodium salt of p-nitrosophe- 
nol’? The basal diet was Ration 2221, which contains 15 per cent 
lactalbumin and 2 per cent of the water extract of venst. The 
amount of nitroso compounds was O.1 per cent of the basal ration. 
The nitrosophenol had litth or no effect. The animals grew 
rapidly and the red blood cells were regenerated at the normal 
rate. The nitrosobenzene is apparently much more toxie. The 
rate of growth was depressed and the regeneration of red blood 
cells was markedly retarded. It is improbable that nitroso com- 
pounds of the type investigated are present in deaminized casem, 
so it is hoped that similar trials may be conducted with compounds 
that have the nitroso group attached at a peptide linkage. 

Lactalbumin and Ovalbumin- Wt has been mentioned that rats 
developed anemia and died when they consumed rations that 
contained deaminized easein, gelatin, and gliadin, but remained 
normal and grew at the usual rate when untreated casem replaced 
the gelatin and gliadin. Inthe hope of obtaining some indication 
of the reason for this contrast in behavior, these studies have in- 
cluded two other proteins, lactalbumin and ovalbumin. 


’ Purchased from the kastman Kodak Company, Rochester, New York. 


| 


Hogan, Guerrant, and Ritchie 665 


In the preparation of lactalbumin the casein was precipitated 
from skim milk with acid, and filtered off. The filtrate was then 
brought to the boiling point with live steam, and, after a suitable 
adjustment of the hydrogen ion concentration, the lactalbumin 
separated readily. This was filtered off on cloth, washed twice 
with hot water, dried, and ground. This material was altogether 
ineffective in preventing anemia. It seemed possible that the 
long exposure to high temperatures may have destroyed the pro- 
tective agent, so another lot was prepared by salting-out. After 
the casein had been removed, the whey was saturated with sodium 
chloride, acidified with hydrochloric acid, and the precipitate 
filtered off. The precipitated lactalbumin was washed with dilute 
ethyl alechol until practically all the salt was removed, then dried, 
and ground. This preparation was likewise ineffective in healing 
anemin due to deaminized easein. An attempt was made to re- 
place our laboratory preparation with «a commercial produet, but 
healing followed invariably. We have no satisfactory explanation 
of this variabilitv, but it may be due to some apparently incon- 
«quential difference in the method of preparation. 

The ovalbumin was a commercial dried product, but in most of 
our trials it Was reprecipitated with a view to obtaining a more 
uniform preparation. The dried material was dissolved in warm 
water, acidified, and coagulated by heating the solution with live 
steam. The coagulum was filtered off, washed twice thoroughly 
with hot water, dried, and ground. Our results with this source 
of protein have been decidedly inconsistent. When combined 
with deaminized easein it usually failed to prevent anemia, but 
some preparations brought about prompt healing. This dis- 
erepaney has not been explained. When the original commercial 
product is combined with deaminized casein, healing of anemia 
invariably follows. A comparison of the two types of ovalbumin 
is shown in Curves Land Il of Fig. 2, A. 

(ovitellin At this stage the contrast between casein on one 
hand and lactalbumin or ovalbumin on the other was very striking. 
Casein is a and at the time that seemed to be the 
most important difference. This suggested that other phospho- 
proteins might behave in the same manner as casein, so ovevitellin 
Was prepared from egg volk by the method of Calvery and White 
(7). Omly limited quantities were available at the time so it was 


| 


666 Anemia Caused by Deaminized Casein 


offered as a supplement to Ration 2149. In the quantities sup- 
plied, 200 and 400 mg. daily, it was completely ineffective. Ra- 
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Fic. 2. Commercial ovalbumin (Curve 1) prevents deamunized casei 
anemia, but most laboratory preparations (Curve T1) doe net. Large 
amounts of veast (Curves Iti to VII) are at least partly effective, but their 
action is less consistent. Hvydrolvzed casein (Curve VITD), autoclaved 
casein (Curve IX), and autoclaved veast (Curve \) are ineffective 


tion 2140 contains deaminized casein LO, lactalbumin 15, water 
extract of veast 2. 

Casein Extracts “The observations just deserihed rendered it 
improbable that an amino aed is responsible for the protective 
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action of casein, so other possibilities were considered. If the ae- 
tive agent were adsorbed by casein, one would suppose it could be 
removed by an appropriate reagent. Casein Was therefore ex- 
tracted with a variety of solvents including water, dilute acid, 
also neutral, acid, and alkaline aleohol: but none of these prepara- 
tions had the slightest activity, so this method of attack was 
abandoned, 

Dried Yeast It was hoped that useful extracts might be pre- 
pared from some other “OHIFee, sO Vveust Was examined with that 
ena in view. However, before making any to prepare 
anextract, yeast itself was combined with deaminized casein to 
demonstrate whether or-not it contains the antianemic agent. 
The first ration, No. 1806, contained 10 parts of deaminized casein 
and S parts of dried yeast. The animals declined rapidly in weight 
and so the amount of yeast was increased to 12 per cent (Ration 
S20). When this was done the loss in Weight was arrested, but 
the red cell counts continued to fall until they attained a level 
of about 3 million. At this point the amount of veast was in- 
creased to IS per cent (Ration 1846) and the animals began gain- 
ing in weight at a little less than the normal rate and new red 
cells were slowly regenerated. Ina period of 10 weeks the number 
of red corpuscles was practically normal. Additional details are 
shown in Curve IIL of Fig. 2, B. 

It developed later that in the response to veast there are minor 
Inconsistencies which are not easily explained. Two groups 
(Curves IV and V, Fig. 2, B) were started on Ration IS46, but 
there were some differences in the initial levels of red blood cells. 
One group began with an average count of 6.4 million, and this 
increased slowly to 7.7, accompanied by a slight gain in weight. 
The other began with an average count of 4.9 million but though 
there was a significant gain in weight the red cell count declined 
consistently and the rats died. Two other groups (Curves VI 
and VIT, Fig. 2, B) were started on Ration 1829, which contains 
10 per cent of deaminized easein and 12 per cent of veast. One 
croup began with an average count of 4.0 million, and this gradu- 
ally rose to 5.5 million, with concomitant gains in body weight. 
The other began with an average count of 2.6 million, but there 
were declines iny red cell eounts and in weights, and the 
animals died. Regardless of these Inconsistencies, however, it is 
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certain that veast has some protective action against this type of 
anemia. All attempts made thus far have failed to identify the 
active agent with any particular chemical group. 

These observations are in substantial agreement with those of 
Smith and Stohlman, who ineluded 12 per cent of veast in their 
Ration 4. In our their animals would have been protected 
from anemia still more completely if the amount of veast in their 
rations had been raised to a markedly higher level 

Water Extract of Yeast As mentioned pres lously, one renson 
whv Vveust Was chosen for examination was the possibility that a 
useful extract might be prepared from it. Accordingly, a water 
extract of veast was prepared, which it known to be active as a 
source of the vitamin B complex, and LO per cent of this extract 
was included in a ration with 10 per cent of deaminized casein. 
In a period of 3 weeks the red cell count declined from 2 to 1 
million, but there were in that time no marked changes in body 
weight. 

Stability of Antranemic Factor Tn the hope of gaining some sug- 
gestions as to the factors responsible for anemia it was decided to 
test the thermostability of substamees that have a protective ae- 
tion. Accordingly, both veast and casein were heated in an auto- 
clave for 5 hours at 135°. When these materials were substituted 
for the untreated preparations (Curves IX and A, Fig. 2,C) it was 
found that their antianemie activity had entirely disappeared. 
It has been shown by Hogan (S) that autoclaving does not seriously 
Impair the nutritional properties of protein, so it is reasonably 
certain that the antianemie potency of easein is not due to the 
presence of some unique amino acid. Whatever the source of 
this activitv mav be, it is destroved by high temperatures. 

Huydrolyz d Cascin It was originally supposed that the protedc- 
tive action of casein was due to some special amine acid that it 
contained. It was hoped that casein might be hydrolyzed and 
then the active amino acid could be isolated and identified. Be- 
fore this was attempted, however, the hydrolyzed Wis 
bined with deaminized casein as a control to determine whether 
the amino acid mixture was as effective as the original casein. 
It developed at once (Curve VIII, big. 2. (i that the protective 
action of the original product had almost completely disappeared. 
The number of red cells declined, although there was littl change 
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in the body weight of the experimental animals. In view of later 
observations, however, there is no reason to SUP) prose the process 
of hydrolysis itself had destroyed the antianemic agent. As will 
be shown later the destruction may have been due to other causes. 

Huydrolyzed Deaminized Casein Before we published our first 
paper (2) we had hydrolyzed deaminized casein, in the hope that 
the anemic agent could be recovered from the products of hydroly- 
sis. Several such hydrolysates were prepared, but only one gave 
any evidence of anemic activity, and that line of attack was tem- 
porurily abandoned. “Phe deaminized casein had been hydrolyzed 
with sulfuric acid and then the acid removed with barium. It had 
heen observed, however, that even after thorough washing with 
het water the barium sulfate precipitate still contained a large 
amount of nitrogen. It had been our practice to remove the 
sulfuric acid by rapidly adding barium hydroxide until the solu- 
tion was alkaline to litmus. The excess barium was then removed 
by cautiously adding sulfurie acid. Our first hypothesis was, the 
substance that produces anemia had been precipitated as a barium 
salt. It was decided, therefore, to make another attempt to re- 
cover the toxie agent by changing slightly the method of removing 
the sulfurie acid. The procedure now used is as follows: 

S00 gm. of the deaminized casein, 1400 em. of concentrated 
sulfuric acid, and 3000 gm. of water are boiled on a sand bath, 
under a reflux comdenser, for 24 to 26 hours. After cooling, ba- 
rium hvedroxide ts added cautiously until the mixture is barely acid 
to brom-phenol blue, and the barium sulfate is filtered off. The 
precipitate is washed five or six times with hot water, and the fil- 
trate and washings combined and evaporated almost to dryness on 
the water bath. The residue is gum-like in consistency, so to 
facilitate handling just enough ealetum hydroxide is added to 
make it friable in texture. When this product is suspended in 
water it is still acid to brom-phenol blue, but alkaline to thymol 
blue. This material is substituted for the deaminized casein of 
Ration 2140. Two such preparations have been studied up to 
date. Four rats received Preparation I, and they declined and 
died in about the same time as would be expected on deaminized 
casein. ‘The average weights and red cell counts of these animals 
are shown in Curve V of Fig. 3. Four others received Preparation 
I], buat their response was somewhat more variable. One of them 
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survived for 18 weeks. Toward the end it developed mild arth- 
ritixs in the wrists as described previously (2), and just preceding 
death there was a marked rise in the red cell count. The indi- 
vidual records of these animals are shown in Curves I to IV of 
Fig. 3. Similar cases have been observed in rats that received 
deaminized casein, so we are unable to say whether the variability 
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Fic. 3. By aslight change in the procedure, an amino acid mixture may 
be obtained from deaminized casein, that will still produce anemia. Our 
first preparation (Curve V) was apparently more active than the second 
(Curves I to IV). By this same procedure an amino acid mixture was 
obtained from casein, that heals this type of anemia (Curve VI) 


was due to the preparations or to the animals. However that 
may be, our experience has convinced us that the anemia-produc- 
ing agent can be recovered from the sulfuric acid hydrolysate. 

At this stage we had prepared a hydrolysate of deaminized 
casein that was still effective in producing anemia, so we returned 
to the problem of preparing a hydrolysate of casein that would 
heal or prevent it. It was prepared in exactly the same way, and 
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it seems to be only slightly, or not at all, less effective than casein 
itself. ‘This material is substituted for the casein of Ration 2152. 
Five rats have received this diet, and they recovered from anemia 
promptly, and grew at a satisfactory rate. Their response is 
shown in Curve VI of Fig. 3. 

Our studies of the hydrolysates of deaminized casein and of 
casein Will be continued, in an effort to isolate the active agents 
and to define their properties more precisely. 


SUMMAKY) 


With the experimental conditions as described, the 
nate amount of casein required to prevent anemia was 5 per cent 
of the ration. The minimum amount of deaminized casein re- 
quired to produce anemia lies between 5 and 10 per cent of the 

2. A miscellaneous group of substances including milk, egg yolk, 
Wheat germ oil, ventriculin, musele, liver, and stomach were 
tested for antianemic activity. At the levels tested, from 100 to 
10 me. of dry matter daily, they were ineffective, 

3. Two nitroso compounds were tested to see whether they 
would eause anemia. Both were toxic. p-Nitrosophenol had no 
effect on the rate at which red blood cells were formed. but the rate 
of formation was retarded by nitrosobenzene. 

1. Lactalbumin that was prepared in the laboratory does not 
prevent this type of anemia. Variable results were obtained with 
a laboratory preparation of ovalbumin. Commercial preparations 
of both proteins prevent anemia consistently. 

5. Dried Veust, IS per cent, confers protection against the 
anemia caused by deaminized casein. 

6. An attempt to extract the active agent of Vveast with water 
Was not successful. 

¢. Autoclaved casein and autoclaved yeast do not overcome 
the anemia eaxused by deaminized casein. 

S. When deaminized casein was hydrolyzed with 25 per cent 
sulfuric acid at atmospheric pressure, the active agent was re- 
covered in the hydrolysate. When casein was hydrolyzed in a 
similar manner, the antianemice agent was likewise recovered in 
the hydrolysate. 
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CHEMICAL STUDIES ON THE VIRUS OF TOBACCO 
MOSAIC 


Vil. AN IMPROVED METHOD FOR THE PREPARATION OF 
CRYSTALLINE TOBACCO MOSAIC VIRUS PROTEIN* 


Ky Wo M. STANLEY 


(From thee lh nf of Plant Pathology of The Rocke feller 
for Meds al Princeton) 


(Reeeived for Julw 10. 


A\ for the isolation, ‘Turkish 
tobacco plants, of a crystalline protemm possessing the properties 
of tobacco mosaic virus has been desermbed (1, 2). The method 
consists essentially precipitation of the globulin fraction from 
a dilute disodium phosphate extract of frozen, macerated, infeeted 
plants with ammonium sulfate, and the removal of most of the 
remaming colored materials by treatment with lead subacetate 
and celite. The vield of ervstalline protein by this method 
amounts to about 40 per cent of the erude twice precipitated 
globulin fraction: a loss of about 50 per cent occurs during the 
single treatment with lead subacetate. It was found that prae- 
tieally all of the virus protein could be precipitated by simply 
doubling the amount of lead subacetate used. Beeause of the 
large loss of active protein involved im the suceesstul use of this 
method, and beenuse of the possilility of sustaimmg an even 
greater loss when an exeess of lead subacetate was used, it seemed 
desirable to determine whether or not lead subacetate could be 
eliminated from the purifieation process. This was found to 
be possible and an improved method, by means of which the 
vield of erystalline protein from erude globulin was increased 
to about SO per cent, has been devised. The method is deserbed 
in this paper 


Paper \ of this sew (1) 
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ELNPERIMENTAL 


The new method involves the use of ammonium sulfate, celite 
(Hyflo Standard-cel), and caleium oxide, and a starting material 
consisting of the dark brown erude globulin preparation pre- 
viously described (1). This starting material is the globulin 
fraction in a dilute disodium phosphate extract of frozen, macer- 
ated, mosaic-diseased Turkish tobacco plants, which has been 
filtered through celite and precipitated twice by means of am- 
monium sulfate. Previously the extracts were adjusted to about 
pH 5 before precipitation of the protein with ammonium sulfate. 
This adjustment, involving the use of considerable acid, has been 
found unnecessary, and the globulin is now precipitated at about 
pH 7 or S and then taken into solution with O.1 M sodium: phos- 
phate at pH 7orS. Although the filtrate from the second pre- 
cipitation with ammonium sulfate is usually deeply colored, the 
filtrate from the third and additional precipitations with 
ammonium sulfate are usually light colored or colorless.  There- 
fore, except in the case of occasional very dark colored prepara- 
tions, only two precipitations with ammonium sulfate are now 
used in the preparation of the starting material. 

representative experment ino which crystalline tobacco 
mosaic Virus protein was prepared by means of the new method bs 
described in this and the following paragraph. Eleven rapidly 
growing Turkish tobacco plants in 6 inch pots in a greenhouse 
were inoculated by rubbing over the leaves 2 ec. of a solution of 
2 mg. of crystalline tobacco mosaic virus protem in O.1 M sodium 
phosphate at pH 7 on April 14, 1936, when the plants were 2 to 
4 inches high. 4 weeks later they were cut, frozen, put through 
a meat grinder, and the pulp, which weighed 1360 gm., was 
extracted twice with O.1 mM sodium phosphate at pH 7. The 
first extract consisted of 1000 cc. and contained 1.2 ig. of total 
nitrogen and 0.68 mg. of protein nitrogen per ce. The second 
extract of 950 ce. contained 0.2 mg. of total nitrogen and 0.14 
mg. of protein nitrogen per ec. The two extracts were combined, 
585 gm. of ammonium sulfate were added, and the precipitated 
globulin was collected by means of gravity filtration, folded 
Carl Schleicher and Schill No. 1450) filter paper being used. The 
Virus activity of the filtrate and of the precipitate after this and 
subsequent treatments was determined by means of infectivity 
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tests on leaves of Nicotiana qlutinosa, L., with the half leaf method 
(3.5). The preparations used for these tests were first dialyzed 
against distilled water and then adjusted so that they contained 
O<.1 Mm phosphate at about pH 7 before inoculation to plants. 
Protein nitrogen analyses were made on this and subsequent fil- 
trates in order to determine the loss of protein during each treat- 
rent. 

The precipitate obtained on filtration, consisting of 3.9 gm. 
of protem, was dissolved in 500 ee. of 0.1 mM phosphate solution 
at pH 7 and filtered, with suction, through a thin (about 0.5 
em.) laver of celite on a Buchner funnel. The celite filter cake 
was Washed with 100 ce. of 0.1 M phosphate at pH 7 and the 
protein in the 600 ce. of filtrate was precipitated by the addition 
of 120 gm. of ammonium sulfate. The precipitated protein was 
collected on folded filter paper and then dissolved in 500 ce. of 
O=.1 w phosphate at pH 7. To this solution, which was found to 
contain 3 gm. of protem, were added 40 gm. of ammonium sulfate, 
and the slightly turbid solution was filtered, with suetion, through 
a thin laver of celite on a Buchner funnel. In other experiments 
the amount of ammonium sulfate required to produce a slightly 
turlnd solution varied somewhat depending on the protein con- 
centration, but usually was found to be about 8 to 11 per cent 
by weight. The celite filter eake was washed with 100 ec. of 8 
percent ammonium sulfate solution and this filtrate added to the 
main portion. To the clear, brown-colored filtrate, which was 
found to contain 2.6 gm. of protein, were added 72 gm. of am- 
monium sulfate in order to bring the ammonium sulfate concen- 
tration up to 20 per cent by weight; and the precipitated protein 
was removed by filtration with a thin laver of celite on a Buechner 
funnel. All of the virus activity was retained on the celite and 
much colored matter was lost in the filtrate. Most of the active 
protein on the celite filter eake was removed by extracting once 
with 400 ce. and twiee with 150 ec. of 0.1 mM phosphate solution 
at pH 7. The combined extracts, which were opalescent and 
light brown in color, and contained 2.5 gm. of protein, were 
adjusted to pH 4.5 by the addition of 6 ec. of 3 mM HySO, and filtered 
through a thin laver of celte. All of the virus activity was re- 
tained on the celite filter eake, and colored material and a small 
amount of inactive protein were lost in the filtrate. The celite 
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filter cake containing the active protein was suspended m= 300 
cc. of water in order to make about a 1 per cent protein suspension, 
and the hydrogen ion concentration was adjusted to pH S by 
the addition of 7 ec. of an aqueous suspension of 5 per cent calcium 
oxide, The suspension was then filtered with suction on a Buchner 
funnel, and the celite filter cake was extracted three times with 
150 ce. of water at pH SS. The four filtrates were combined and 
gave a practically colorless opalescent solution. The protem 
in this solution was ervstallized by the addition of, first, 75 gm. 
of sold ammonium sulfate, then 6 cc. of a solution of 5 per cent 
glacial acetic acid in O.5 saturated ammonium sulfate, and finally 
20 cc. of saturated ammomum sulfate solution. The vield of once 
crystallized protemn Was 2.3 gm. or 77 percent based on the erude 
twice precipitated globulin. 

No differences were found in the properties of the crystalline 
protein prepared by the method just desenbed and the properties 
of the protein prepared by the method involving the use of lead 
subacetate. The virus activity, optical rotation, nitrogen content, 
Isoclect ric pomnt, ana <erological properties ol protem prepared 
by the two methods were the same within the experimental errors. 
Furthermore, ervstals ot protein prepared by the two methods 
were Indistinguishable under the microscope. 


Disc 


The separate treatments that have been embodied in the im- 
proved method are the ones that, during the past vear, have proved 
useful in the separation of colored matter and extraneous protem 
from the virus protein. Beeause of the variation in starting 
material, these treatments may be modified considerably, and im 
some instances certain treatments may be entirely omitted. 
Plants inoculated while quite small and subsequently grown in a 
greenhouse for at least 4 weeks have been found to vield the best 
starting matenal. Such plants contain a minimum of pigment 
and extraneous protein and occasionally yield) protem which 
may be erystallized after only two precipitations with ammonium 
sulfate, thus making unnecessary the adsorption on celite at pH 
4.5 and the treatment with CaQ. Plants that are moculated 
when fairly large contain extraneous protein, and very old green- 
house plants or plants grown outside ina field contain pagment 
that is very difficult to separate from the active protein fraction. 


| 


W. M. Stanley 677 


The treatment with CaO has been used quite extensively in 
the purification of virus protein, and has proved especially useful 
in removing, from a shghtly colored solution of active protein, 
the last portions of colored materials which are usually quite 
difficult to remove, only ammonium sulfate and celite being used. 
The exact method of treatment may be varied considerably. 
Solutions containing from about 0.5 per cent to about 2 per cent 
of protein may be used. It is not necessary, for example, to 
use the suspension of protein and celite obtained from the filtra- 
tion at pil 4.5 as starting maternal for the CaO treatment. The 
~uspension of CaQ) may be added directly to solutions containing 
from about 0.5 per cent to about 2 per cent of active protein at 
hydrogen ion concentrations ranging from about pH 4.5 to 7. 
The amount of CaQ) suspension required to bring the hydrogen 
ion concentration to about pH S depends on the acidity of the 
protein solution to be treated. The hydrogen ion concentration 
must not be allowed to go above about pH 8.5 on addition of the 
~<uspension of CaQ, since at more alkaline reactions the protein 
tends to become denatured and there is loss of activity. Cehte 
may be added to solutions already containing the calcium salt 
and the filtration carried out as usual, or, if it is desired, the 
solution may be filtered through a laver of celite on a Buchner 
funnel When protein solutions are to be filtered through paper 
ona Buchner funnel with suction, rapid filtration may be obtained 
by first impregnating the paper with a small amount of celhte. 

Recent ultracentrifugal studies by Eriksson-Quensel and 
Svedberg (6) and by Wyekoff and Biseoe (7) indicate that wide 
changes of hydrogen ion coneentration or prolonged treatment 
enuuse the virus protein to become non-homogeneous with respect 
to molecular weight. In order to retain the molecular homo- 
geneity of the protein during its isolation and purification it is 
wdvisable, therefore, to subject it to no more variation of hydrogen 
ion concentration and to no more treatment than is absolutely 


Hecessary. 

It is interesting to note that, in the experiment reported, the 
23 gm. of virus protein which were isolated were produced in 
eleven plants that had been inoculated with a solution contaiming 
a total of only 2 mg. of active protein. It is known that most 
of the inoculum rubbed on a leaf remains on the surface of the 
leaf, and that only a very small portion actually enters the cells 
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to serve as infective material. If one assumes that about 0.00] 
of the protein in the inoculum actually gets into the plant, then 
it may be calculated that during the course of 4 weeks the protein 
introduced into the plant has been increased over a million times. 


SUMMARY 


An improved method for the preparation of erystalline tobacco 
mosaic virus protein, involving the use of ammonium sulfate, 
celite, and calcium oxide, and by means of which the vield from 
crude twice precipitated globulin has been increased to about SO 
per cent, is described. 
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FURTHER STUDIES ON THE CALCIUM CONTENT OF 
THE BODY IN RELATION TO THE CALCIUM AND 
PHOSPHORUS CONTENT OF THE FOOD 


hy B. WHITCHER,* LELA bk. BOOHER, ann H. C. SHERMAN 
(From the Department of Chemistry, Columbia University, New York) 


(Reeeived for publication, July 14, 1946) 


Normal calcification in the growing and developing body clearly 
requires adequate intakes of both caletum and phosphorus. To 
what extent it is influenced also by the ratio of intakes of caletum 
and phosphorus when a liberal amount of each of these elements is 
supplied, has not been clear; and it Was for the purpose of obtain- 
ing further light upon this question that the experiments here re- 
corded were undertaken. For the sake of brevity we do not at- 
tempt a comprehensive review, but cite only the immediate 
background of the present experiments. 

Sherman and MacLeod (1) made a systematic series of deter- 
thinations of calcium in normal white rats of known nutritional 
history which were killed for analysis at definite age intervals, 
thus establishing quantitatively a seale of normal percentages of 
body caleium for such rats at different ages. Rat families of this 
same strain and of very similar nutritional histories have been 
continued in our eolony for several years with practically no 
change in the rate of calcification as shown by analyses of repre- 
~ntatives of different generations. Sherman and Booher (2) 
investigated the influence of graded intakes (0.16 to 0.50 per 
cent in the air-dry food mixture) of caleium upon the rate of in- 
crease of the percentage of calcium in the growing body. 

The purpose of the present investigation was to determine 
whether increasing the ealetum content of the diet still further 
(0.53 to 1.04 per cent) in diets essentially similar to those used by 
Sherman and Booher would induce more rapid normal ealeifien- 
tion, first, when the phosphorus content of the diet was essentially 
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the same (0.43 per cent) as that used in the earlier work of this 
laboratory, and secondly, when the phosphorus content was in- 
creased to 0.73 per cent. These experiments thus deal with the 
problem of optimal calcification as distinguished from the econ- 
ditions of occurrence of rickets as studied simultaneously by Shohl 
and Wolbach (3). 


EXPERIMENTAL 


Young albino rats which had been reared to 28 to 30 days of age 
by mothers on a diet consisting of one-third whole milk powder 
and two-thirds ground whole wheat were thereafter raised to defin- 
ite ages on diets which were similar except in their calcium and 
phosphorus contents. One series of animals received diets con- 
taining 0.43 per cent phosphorus, while the calcium contents were 
0.53, 0.70, O.S4, or 1.04 per cent, respectively. A second series of 
animals received diets containing 0.73 per cent phosphorus, while 
the calcium contents were 0.55, O.SO, or per cent, re- 
spectively. The relative nutritional effect of these diets through a 
considerable portion of the life history of the animals was com- 
pared in terms of growth, calcium content of the bodies, and skele- 
tal development as measured by body lengths at definite ages. 

In all cases the animals were allowed to constume food and dis- 
tilled water ad libitum. The calcium analyses were made accord- 
ing to the modified MeCrudden method as previously used in 
this laboratory (1), the percentage of body calcium being expressed 
on the basis of the maximum live weight minus the weight of 
the contents of the digestive tract. 

Series [~The four diets fed to animals of this series contained 
in common per 1000 gm. of diet the following constituents: 100 
gm. of whole milk powder, 55 gm. of casein, 6S gm. of butter fat, 
and 16 gm. of sodium chloride. In addition the diets contained 
8.5, 12.8, 16.8, and 21.0 gm. respectively, of caletum carbonate and 
a sufficient amount of ground whole wheat to make a total of 1000 


gm. of food mixture in each case. These diets were analyzed and 
found to contain 0.43 per cent phosphorus and 0.53, 0.70, O.S4, 
and 1.04 per cent calcium respectively, with corresponding Ca:P 
ratios of 1.2, 1.6, 2.0, and 2.4, respectively. These diets were 
shown to be adequate in vitamn D value. 

The animals reared on these diets to 300 days of age were caged 
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together in groups of four of the same sex. The animals reared 
to 60, 90, and ISO days of age were kept in smaller individual 
cages equipped with wide mesh screen bottoms. 

The calcium contents of the bodies of rats reared to 60, 90, 180, 
and 300 days of age on the diets containing 0.43 per cent phos- 
phorus and 0.53, 0.70, 0.84, or 1.04 per cent calcium, respectively, 
are shown in Table I. It is apparent from Table I that the ani- 
mals on these different diets made essentially equal development. 
Their growth rates were all within a range that may be considered 
normal and there was no continuous trend of difference in growth 
corresponding to the graded differences in the calcium contents of 
the diets. Measurements of the body lengths of the rats which 
were reared on the four different diets and whose bodies were subse- 
quently analyzed for calcium showed almost identical average 
body lengths at definite ages. It is apparent, therefore, that the 
calcium content of the body, the rate of growth, and the length of 
the body at definite ages, were not affected by the graded differ- 
ences in the calcium contents of the food, nor by the Ca:P ratios 
of these four diets. 

Series IT The general procedure for the experiments on the 
animals of this series was essentially the same as that described 
above in connection with Series I, except that the phosphorus 
content of the diets was increased to 0.73 per cent and the rats 
were reared to 60 and 90 days only. The four diets fed contained 
the same kinds and amounts of the constituents which were com- 
mon tothe diets of Series 1. In order to raise the phosphorus level, 
15.5 gm. of dicalcium phosphate were added to each of the food 
mixtures deseribed above, while the adjustments of the caleium 
levels to approximately those of the first series were made by the 
addition of 0, 3.8, 7.8, and 12) gm., respectively, of calcium car- 
bonate, and sufficient ground whole wheat to bring the total to 
1000 gm. in each case. These diets on analysis vielded 0.73 per 
cent phosphorus and 0.55, 0.71, O.S9, and 1.05 per cent caleium, 
respectively. Their Ca:P ratios were therefore 0.7, 1.0, 1.2, and 
1.4, respectively. 

At 60 and 00 days of age both males and females showed very 
small increments in the caleium content of the body as the amounts 
of calcium in the diet increased from 0.55 to 1.05 per cent, corre- 
sponding to Ca:P ratios of 0.7 to 14. The analyses are sum- 
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marized in Table Il. The results for the two series suggest that 
in a diet which is adequate in both calcium and phosphorus con- 
tent the optimal Ca:P ratio during growth is about 1.2o0r 1.5. It 
also appears that the Ca:P ratio is of minor efficacy in comparison 
with that of the provision of liberal quantities of both calcium 
and phosphorus. The rats of this second series did not show 
significant differences in rate of growth or body lengths at dif- 
Il 
Calcium Contents of Bodies of Rata on Diets Containing 0.73 Per Cent 
Phosphorus and 0.455 to 1.05 Per Cent Caleram 
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ferent ages among themselves, nor were these two mensurements 
for this series significantly different from those of the first series. 


SUMMARY) 


Previous work has shown that, with a diet containing O42 to 
O45 per cent of phosphorus, progressive increases in the calcium 
content of the diet from 0.16 to 0.21, 0.35, and O.50 per cent, re- 
spectively, with corresponding Ca:P ratios of 0.3, 0.5, 0.7, and 
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1.2, respectively, result in progressive increases in the rates of 
calcification of the animal body. 

In the present investigation, further increases in the caleium 
content of essentially the same diet by graded amounts to 0.58, 
0.70, O.S4, or 1.04 per cent, respectively, with consequent corre- 
sponding Ca:P ratios of 1.2, 1.6, 2.0, and 2.4, respectively, did 
not bring about any distinet increase in the rate of calcification 
of the body. When the phosphorus content of the diet was in- 
creased to 0.73 per cent by addition of dicaletum phosphate, 
graded amounts of caleium of 0.55, 0.71, O.S9, and 1.05 per cent, 
respectively, with corresponding Ca:P ratios of 0.7, 1.0, 1.2, and 
1.4, respectively, induced increases of only very small magnitude 
in the rates of calcification of the animal body in the period in 
which calcification is normally most rapid. The animals on these 
different dietaries showed no significant differences in body length 
at a given age. 
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THE EFFECT OF LIBERAL INTAKES OF CALCIUM OR 
CALCIUM AND PHOSPHORUS ON GROWTH 
AND BODY CALCIUM 


hy TORPFER ano H. C. SHERMAN 


hee lh nf of ("he miatry, Columbia New York) 
(Reeeived for publication, July 14, 106) 


The earlier work of this laboratory showed a direct relation 
between the calcium content of the experimental animal (rat) and 
that of the dietary on which it had been nourished, up to 0.5 per 
cent of calcium in the dry food mixture (1, 2); and the experiments 
of Whiteher, Booher, and Sherman (3) suggest that still higher 
levels of calcium intake may be advantageous to calcium retention 
during the period of rapid growth. Meanwhile, in experiments 
continued throughout the life evele, Sherman and Campbell (4) 
have shown that increasing the calcium intake from 0.2 per cent 
to 0.35 per cent of the dry food mixture results in more efheient 
use of food, somewhat more rapid growth, and greater adult 
vitality. In papers published since the experiments here deseribed 
were performed, Cox and Imboden (5) suggest that, at different 
levels of intake of caletum and phosphorts, different ratios of 
caleium to phosphorus may be most advantageous for the nutri- 
tional support of gestation and lactation, and Shohl and Wolbach 
(6) emphasize the facet that discussion of ratio may be misleading 
unless adequacy of intake of each of these elements is sufficiently 
considered. 

The plan of the present investigation was to increase systematt- 
cally the calcium or caleium and phosphorus content of an already 
adequate diet, and seek to ascertain the level of ealetum which 
(with a favorable Ca:P ratio) is most advantageous to the nu- 
tritional support of growth, of the normal developmental process 
of calcifieation, and of vitality and normal development through 
successive generations. 

The effects of the experimental diets upon growth and body 
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calcium were studied especially in the second generations. Thus 
the determined differences here reported are the results not simply 
of an experimental period in the lives of the individuals analyzed 
but of a controlled comparison of intakes from the infaney of the 
parents, to and through the growth period of the animals analyzed. 
Thus the plan of experimentation was advanced an entire genera- 
tion, and correspondingly a strikingly increased effect upon the 
calcium content of the young body was brought about. 


EAPERIMENTAL 


The starting points for the experiments here described were: 
(a) the mixture of 200 gm. of whole milk powder, LOOO gm. of 
ground whole wheat, and 20 gm. of sodium chloride, which con- 
stitutes the Diet A, Laboratory No. 16, of previous work in this 
Department; and (6) experimental animals from rat families which 
had thrived for 33 generations in this laboratory on this diet. 
This Diet 16, thus rigorously shown to be adequate, had a caleium 
content of 0.19 to 0.20 per cent, and a phosphorus content. of 
O40 to O45 per cent, of the weight of the air-dry food mixture, 
This calcium intake judged, from results obtained by 
Campbell and coworkers (7) and from the general experience of 
this laboratory (S) to be near the minimum level for permanently 
adequate nutrition through successive generations. The transfer 
of animals raised on this Diet 16 to the new dietaries of the present 
investigation (Diets 16S, 169, 268) involved no signifieant change 
in intake except in or in ealeitum and phosphorus. These 
new dietaries were as follows: 

By the addition of 13.8 gm. of caletum carbonate to the formula 
for Diet 16 above given, Diet 168 with 0.64 per cent! caleium (and 
a Ca:P ratio of 1.5) was prepared. 

The further addition of 8.5 gm. of dibasic calcium phosphate to 
the dietary formula resulted in Diet 169, with OLS per cent calcium 
and 0.53 per cent phosphorus (the Ca:P ratio being thus approxi- 
mately 1.5 as in Diet 168). 

When, however, the formula for Diet 16 was enriched by the 
addition of 20 gm. of calcium carbonate alone, the resulting Diet 


' This level of calcium intake Wis suggested by MeCollum some Vours 
ago; but we find no record of its having been studied by methods com- 
parable with those of the present investigation. 
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268 had (approximately) OS per cent calcium (as in Diet 169) 
but only (approximately) 0.4 per cent phosphorus (as in Diet 16). 
Here the Ca:P ratio was widened to 2:1, which may be regarded 
either as due to increasing the calcium content of Diet 16 to a 
greater extent than in Diet 168, or as due to a lowering of the 
phosphorus content of Diet 169. 

Table 1 summarizes the composition of these four diets in terms, 
(1) of the ingredients used in making them, and (2) of the results 
of chemical analyses of the completed mixtures reported in such 
round numbers as to avoid overemphasis on the natural variations 
in composition of the food materials used. 


Taare | 


Composition of Diets 


Diet No 16 16s 160 | 268 
Whole wheat, gm «1000 

milk powder, qr | 
CaCO, gm 8 38 | 
Call PO. 211.0), gm 
Ca, % 02 om; | O8 
r, “4 O53 o4 
Ca: P ratio, about 1.5 1.5 2 0 
Calories per 100 gm. diet S74 M7 (368 


Protein, © m4 | 


-xperimental animals were grouped into matched lots at the 
age of 28 to 20 days. The phrase matched lots (or parallel lots), 
as used in this laboratory, means that each female in one lot is 
matched by a twin sister of essentially the same initial size, and 
each male by a twin brother of its own initial size, in the parallel 
lot (or in each of the parallel lots). The animals were allowed 
their respective found mixtures and distilled water ad libitum, sO 
that each might eat according to its own energy requirement. 

The original parallel lots with which each comparison was 
started have been continued on their experimental dietaries to 
test the respective values of the diets in the support both of growth 
and of the launching of a second generation. Young of this 
second generation have been analyzed for body calcium at fixed 
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ages to compare the values of the respective diets in facilitating 
the normal calcification of the body. Among animals destined 
for analysis the sexes were kept separate after the 56th day of 
age. Animals were killed by chloroforming at 30, 60, 90, and ISO 
days of age, which covers the range of development from late 
infaney to early adulthood. 

Before rigor mortis set in, the length of the body was measured. 

In order to prepare the animal for analysis, the gastromtestinal 
tract was removed and its contents weighed and discarded. The 
live weight just before chloroforming minus the weight of the 
gastrointestinal contents gave the net weight of the rat. In 
some cases the whole animal was ashed in a siliea dish at dull red 
heat. The ash was dissolved in hot dilute hydrochloric acid and 
the solution filtered and washed into a volumetric flask through a 
Whatman No. 44 filter paper. From this solution aliquot samples 
were Withdrawn for calcium determination by the modified Me- 
Crudden method as used in this lnboratory (1). In other cases 
the animal was obtained in dry form as described by Light, Smith, 
Smith, and Anderson (0). The whole rat was ground through a 
meat chopper into a tared aluminum pan. The chopper was 
cleaned with a brush and hot 50 per cent alcohol, so as to make as 
complete a recovery as possible. The ground material was dried 
at 60-65°. The final drving was done in a vacuum oven. The 
dry residue was ground until an apparently homogeneous mixture 
was obtained, from which representative samples could be taken 
for analysis. 2 gm. portions of the dry samples were weighed into 
small silica crucibles, burned in a muffle, and the percentage of 
ash determined. The ash was dissolved in hot dilute hydrochloric 
acid and the solution filtered into a beaker for calcium determina- 
tion as before. 


Disc tT 


Growth in Body Weght -The animals on the original Diet 16 
(0.2 per cent calcium) grew at a rate slightly below the average 
but within the normal zone. A 3-fold increase in the calcium con- 
tent of the food (Diet 16S) resulted in a definite increase in rate 
of gain in the body weight and also greater efficiency of growth 

*When the stated day fell upon a Sunday, the animal was chloroformed 
the following morning. 


4 | 
* 


ki. W. Toepfer and H. C. Sherman 689 


whether caleulated on the basis of energy or of protein intake. 
A further increase in the calcium and phosphorus content of the 
diet (Diet 169) did not in general cause further growth; while a 
calcium content of O.S, with phosphorus of only 0.4 per cent (Diet 


Il 
Average Body Weights at Different Ages and on Different Dieta 


| At 28 days | At 56 days At 90 days | 199 days 


eS. 4 = 4. = 4. s 

per cont per cont | ome | Pa gm 

Males 6 02 |O4 | 32 | 43 | 32 | 108 | 23) 194] 6 | 303 
| | 068/04 | 26 | 46 | 26 | 122) 15] 220] 5 | 330 

169 | | 053) 24 | 46 | 24 | 116) 17) 216) | 3% 

28 | O4 | 18 | 46) 18 | 110) 12) 198) 6 | 

Females | 16/02 | 28] 43 | 28 | 96) 144] 7 | 188 
168 | 20] | 120] 15) 162! 6 | 196 

O88 (O53) 4 | W 06) 13) 162) 6 | 

O8 |O4 | 17 | 42] 17 | 12) 155] 6 | Ist 


Ill 
(rains from 28th to 56th Day 


Gain in body weight Gain per | Gain per 


Diet No y hy P in diet 1 Calores gm. protemn 
Mas les Females 
per cent per cent gm. | gm. om 
4 i 4 io + 2° | nd + 2 + 0.06 
os 70 +2 | 62411776206) 2.142001 


Pre rbable error. 


268), gave hardly better growth than that supported by the origi- 
nal Diet 16 (Tables Il and TED). 

Growth in Body Length ~The animals which were measured for 
body length when killed for analysis vielded the results shown in 
Table IV. As would be expected, there were hardly significant 
differences between the body lengths of the animals on the various 
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diets; but slightly greater body lengths resulted from the higher 
levels of calcium and phosphorus intake. Among the animals 
here measured, the males showed optimal growth in body length 
at a level of calcium intake of 0.64 per cent of the air-dry food mix- 
ture; and the females at OLS percent. It is possible that the appar- 
ent difference is only accidental and that 0.64 to O.SO may be taken 
as an optimal range regardless of sex, 

Chang san Ash Content and Calcium Content of the Body The 
extent of the calcification of the body was shown by the determina- 


Taste IV 
Body le ngths af Aa 


e 
Mal 


Females 


mor O S815 2020 1 woe oOo] 


Probable error 


tion of calcium in the ash of the rat. Data for the body ash are 
shown in Table V. 

The percentage of ash in the net bewly weight of animals from 
Diet 16 shows in these analyses an increase from about 3 percent 
at 30 days to 3.4 per cent in males and 4.3 per cent in females at 
ISO days. At all ages here studied there were higher percentages 
of ash in the bodies of the animals reared on the diets of higher 
calcium content. A 4-fold increase in the calcium content of the 
diet (Diet 169) resulted in the highest percentages of body ash 
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here observed, varying with age (30 to 180 days) from 3.79 to 
3.89 per cent for the males and 4.21 to 4.56 per cent for the females. 

The calcium content of the body ash increased as the caleium 
in the diet was raised from 0.2 to OS per cent of the dry food, 
and as the age of the rat increased. Hence, the use of the total 
ash content as an index of calcification or skeletal development is 
limited in accuracy by both the level of calcium in the diet and 
the age of the animal analyzed, so that actual determination of 


Tante V 
Aah in Per (‘ont of Net Bundy Weight 
Niales 
per cent per cont per cent per Cent 
30640 06°! 2674002 | 304008 3434017 
ms 334 +0 f 340400 3.59400 35 +006 
mos o53 378 $+ + 4375 +00 38904 006 
oS $55 4 $46 + Of 00 3.934006 
Females 
mevod + OO + OF OO $324 007 
is 4 $044 008 | + 140 OD 
mos 4214+ 001 4300 + O + 0 ow 
os + 18 $6 +006 404003 | 4.57 + O 


Probable error. 


calcium is preferable when quantitatively exact findings are de- 
sired. 

Table VI shows the weights and percentages of caletum in the 
bodies of the rats at different ages, and as influenced by the differ- 
ent dietaries here studied when each diet was continued into the 
second generation. Analyses of Diet 16 males at 30 days showed 
O71 per cent calcium, at 60 days in the middle of the fast growing 
period the gain in caletum has not kept pace with the gain in body 
weight, but from about 60 days the percentage of calcium again 
increases, and reaches 0.05 per cent of the body weight at 180 
davs. A 3-fold inerease in the ealeitum content of the diet (Diet 
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168) resulted in the second generation males containing 0.95 per 
cent calcium at 30 days, a slightly lower percentage though a con- 
tinuously increasing amount during the period of rapid growth, 
and 1.10 per cent at 180 days. At all ages here studied, there was 
a significant increase in the calcium content of the body in the 
animals on Diet 168 over those on Diet 16.) A 4-fold increase in 


Tasie VI 
Influence of Family Diet on Body Calcium at Different Ages 
| Family dietary Male rats bema!le rates 
\ | | | = ~ 
= | = (a in body “= (a in body 


days | rent cent ym ee Par 
30) | 60204:10) 4020) 0.71 + 0 12 Oo 72 
1680 Mo4 6 420390 09 +400] OD] 
1690 8 053,12 41042 108342001 9 39041 Ll 
2680.8 04; 6 4041 0% +001 4204009 4002 
160.2 0 4; 1120.72| 0@ + 0 s + OO 
1680 M04 11 15119 O94 OO] 11 108 00] 
16908 053) 7 107124 10242002 7 LM 
268 0 0 | 6 112107) 09% 4002 on 
| 1602 04/11 186138 O74 4001 7 1201 2 OS 
168004 10 09004 00] 9 10174 119 4001 
8S O53 10 +0 0] 7 145191 1232400 
26808 04) 6 188193 1024001 6 
602 04 5, 224200 O89 + OO] 6 927168 108 +0 08 
Ish’) 1602 04 | 28029 75 95 + O 0] 7 872 38 12442008 
16806404 5 3163 50) 1W 188245 1 334+ 002 
1690 8053 2973.52 114+001 6 191204 138 +00 
04) 6 6 1732 38 1 38 + 0 OF 


* Probable error. 


the calcium content of the diet with a moderate increase in the 
phosphorus content (Diet 169, OS per cent calcium, 0.53 per cent 
phosphorus) gave young male rats of 1.03 per cent calcium at 
30 days of age, which increased to 1.14 per cent caleium at DSO 
days. There was a definite increase in the caleium content of 
these rats over those of Diet 168 (0.64 per cent caleium) during 
growth; but hardly a significant difference in the young adult. 
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Diet 268 (0.8 per cent calcium but only 04 per cent phosphorus) 
did not give as great an early calcium retention as that which ae- 
companied a simultaneous increase in the phosphorus intake 
(Diet 169), though here again the percentage of calcium in the 
adult animals was about the same. Yet because they remained 
smaller, the animals on Diet 268, even at adult age, had not stored 
as much calcium in gm. as had those on Diet 169. 

Thus the effeet of increasing the calcium to 0.64 to 0.8 per cent 
in the otherwise favorably constituted diet of the rat has been 
shown to be a greater growth, a more efficient use of the food in 
growth, and an enhancement of the normal process of calcification 
in the growing body. The animals analyzed were the offspring 
of parents which had been from infancy on the same respective 
diets, so that the influence of the higher caletum or calcium and 
phosphorus content of each new diet was given fuller opportunity 
for manifestation than in feeding experiments of the more usual 
type. Such observations at later stages of the life evele as have 
vet been possible have indicated also a greater adult Vitality on the 
diets of higher calcium content. 


SUMMALY) 


Increase in the calcium or calcium and phosphorus content of 
an already adequate diet resulted in more rapid and more efficient 
growth, with greater economy in the use of the food. The rate 
of normal calcification as shown in Voung of the second generation 
Was also distinetly iInerensed, 

On dietaries known to be adequate in other respects, the full 
advantage to growth and apparent general health and vitality 
seemed to have been attained at a level of intake of 0.64 per cent 
of calcium in the air-dry food mixture: but further inerease to 
OS per cent calcium may still further increase the rate of caleifi- 
cation. 

30 day-old rats from families on adequate diet of nearly minimal 
calcium content (0.2 per cent) had about 0.6 the pereentage of 
body ealeium found in normal adults; those from families whose 
food contained 0.64 per cent caleitum (Ca:P ratio of 1.5) had about 
0.8; and those from families whose food contained O.S per cent 
calcium (Cat P ratio of 1.5) had about 0.0 of the same normal adult 
percentage. 
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In the experiments here reported, increasing the calcium content 
of an adequate diet to OLS per cent of the weight of dry food mix- 
ture has not revealed any unfavorable result to throw doubt upon 
the advantage of the increased rate of growth and normal caleifi- 
cation, 


While the work here deseribed has been separately supported, 
the fact that it has profited by coordination with the experiments 
Which are being carried on in this laboratory through the coopera- 
tion of the Carnegie (Corporation ol New York and the (Carnegie 
Institution of Washington, is gratefully acknowledged. 
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SOME ASPECTS OF PROTEIN INTAKE IN RELATION TO 
GROWTH AND RATE OF CALCIFICATION 


Ry R. T. CONNER® anv H. C. SHERMAN 


(From the Department of Chemistry, Columbia University, New York) 


(Reeeived for publication, July 14, 1996) 


In accordance with the view emphasized by MeCollum and Sim- 
monds (1) that experiments extending over significant parts of 
the life evele tend to vield higher and more valid impressions of 
the level of protein intake needed for the best permanent results 
than do the relatively much shorter studies of nitrogen balance, 
it suffiees here to mention those previous investigations in which 
test animals under laboratory control have been fed graded pro- 
portions of protein (with or without simultaneous study of the 
mineral intake) throughout a considerable percentage of the period 
of growth, or longer. In each of the investigations here discussed 
the rat has been chosen as the experimental animal, largely be- 
eause the chemistry of its metabolism so closely resembles that 
of the human (2). 

Steenboek, Kent, and Gross (3) found that barley alone was un- 
able to meet the nutritional needs of growth and that a Lenerotis 
addition of casein alone was of little if any benefit, or even ap- 
peared deleterious; but when the barley diet was enriched both 
with casein and a suitable salt mixture the nutritional results 
were better than those obtained by the addition of the salt mix- 
ture alone. 

Osborne and Mendel (4) reported that as they progressively 
inereased the protein content of an adequate diet from 1S per cent 
to 35 per cent there was a corresponding increase in the rate of 
growth. Smith and Anderson (5) found excellent growth in 
animals fed a diet containing 22 per cent protein. Slonaker (6) 
in experiments covering growth, reproduetion, and length of life, 
obtained best results with a protein level of 14 per cent of the 
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weight of air-dry food. There appeared no significant change in 
nutritional well being when this level was either lowered to 10 
per cent or increased to 1S per cent; but at 22 per cent the results 
on the whole were less favorable. 


Plan of Present Work 


The experiments here reported were designed in order to study 
the effects of protein enrichments of diets known to be adequate 
to all the nutritional needs of the species, including tests at differ- 
ent levels of calcium intake within the normal range, previous 
work in this laboratory (7) having shown the possibility that an 
already adequate diet may still be capable of improvement by a 
more scientific adjustment of the quantitative proportions of its 
constituents. 

The starting point for these various enrichments was Diet 16 
of this laboratory (also designated in some of the previous papers as 
Diet A). It consists of five-sixths ground whole wheat and one- 
sixth dried whole milk with sodium chloride added in an amount 
equivalent to 2 per cent of the weight of the wheat. From several 
analyses, it has been found to average 0.10 to 0.2 per cent caleium, 
0.44 per cent phosphorus, and 14.0 per cent protein in the air- 
dry food mixture. 

In the series of experiments here chiefly described, this diet was 
enriched in its protein content with or without a parallel enrich- 
ment in calcium alone or both caletum and phosphorus. In sup- 
plementary experiments the protein content Was again increased 
to approximately 25 and 40 per cent respectively, while essentially 
the same calcium and phosphorus contents were maintained as in 
the first series. In some of the latter experiments the diet of 
higher protein content Was also enriched in its vitamin values, in 
order to coordinate the present work with that published by Me- 
Cay, Crowell, and Maynard (S) while our chief series of experi- 
ments Was In progress. 


EXPERIMENTAL AND DISCUSSION 


Young, healthy, albino rats, which had been reared to 28 to 30 
days of age by mothers on Diet 16, were grouped into three 
matched lots. Each lot, consisting of two males and three females, 


was housed in a 12 & 15 inch galvanized iron cage. Food and 


a 
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distilled water were available ad libitum. As the sexes grew up 
together, mating occurred as soon as the animals were sufficiently 
mature. Strictly parallel lots were placed on each of the three 
diets described in Table 1. As more than one generation may be 
required for the full effeet of a difference of diets, parallel lots of 
offspring of the original matehed lots in the second and third 
generations were formed, these lots consisting either of two males 
and three females, or in a few cases of two males and two females. 

When the formation of lots of successive generations was com- 
pleted, the remaining offspring of the females of the original 
matched lots, as well as those obtained from the females of sue- 


Com position of d in Chief Ne rien of E-rperiments 


Diet 170 Diet 171 172 


( onetituents« 
ler cent by Per cent bey Per cent by 
Weught Weight weight | Weighs 


weight wenght | 
gon gm. gm 

Whole wheat 78 07 77 1S 

NaCl 1 Do 1.53 
Casein 4 76 610 478 62.0! 4.7% 62 0 
CaHPO, 2H) | §.§. 
Ca 061-0 O7708 
0420 44 44 0.53 
Protein Is IS 8 7-188 | Is 7-18 8 


cessive generations, were either reared on the diets of their mothers 
to various ages, When their bodies were analyzed for caletum con- 
tent, or placed on diets of higher protein content as deseribed 
below. 


Growth and Cale: fication of Animals of Main Series 


Growth — All animals grew normally and presented the physical 
appearance of good health and development. Table IL gives the 
average growth in gm. from the 2Sth to 56th day of both male and 
female ratson each diet. Group 1, Table Il, represents the aver- 
age growth of the animals in the lot eages; Group 2, the average 
of the animals reared for analysis (/.¢., bachelor and virgin rats); 
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and Group 3, the combined average of Groups | and 2. Table 
II] compares the results here found at different calcium levels in 
diets of 18.7 to IS.S per cent protein with the corresponding data of 
Toepfer and Sherman’s experiments with diets containing 14 per 
cent of protein. 
Tassie Il 
Arerag Grain on Weight of Animals, 28th to 56th Day 
Diet 170 171 172 


No 
No of \verug: Aver sae’ No | 


an aun gun cae gain 

bemales 1! ited wheel 
2 22 24 thee l 


deviation of the mean 


Ill 


ivi ‘vi and (‘sale Conte nin 


Male 
Calooum in Protein in 
diet chet in {inte 
No. of cases of en wenght 
jer fen’ fe? 

isn 7 tw 


In five of these six comparisons, the enrichment of the dietary 
in protein content resulted in more rapid growth. 

Diets 170, 171, 172 have also been compared as to the average 
weight of the animals of both sexes on these diets at various ages 
up to ISO days. The results of this comparison are given in 
Table IV. As representative animals were taken for analysis at 
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stated ages, the numbers of cases for which weight data were 
obtained necessarily diminish with increasing age. The averages 
given are for both mated and unmated males; but for females only 
the data of those unmated are here used in order to avoid the flue- 
tuations incident to pregnancy, parturition, and lactation. 

The 3- to 4-fold more liberal intake of calcium has induced a 
favorable response in the growth of the male animals, not only 
during the period uncomplicated by breeding but throughout the 
entire period of rapid growth. Somewhat different results were 


Tanue IV 


trerag Werghts of Rata on Dieta 170, 171, and 172, Compared at Various Ages 
} 


170 Diet 171 Thiet 172 
No of \ Verage No. of \ vernge No of Average 
werght cases wenght wenght 
23 24 222+4 22 227 +5 
+5 S27 +S " 2 


* + average deviation of the mean 


obtained with the females. Although the average results were 
not established with as much precision as in the case of the males, 
owing to the smaller number of cases at each age, it would appear 
from Table IV that the average size of the females at the various 
ages was not affected by a more liberal intake of calcium, as was 
the case with the male animals on the same level of protein feed- 
ing (IS.S per cent). 

Table V compares the average weights at the ages of 30, 60, 90, 
and 180 days, obtained in this laboratory on diets of differing 
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protein and calcium contents, as described in this and the preced- 
ing paper. 

For the males, the data of Table V show that enriching Diet 16 
(already adequate but of low calcium content) in protein alone 
has resulted in a somewhat more rapid growth, although the aver- 
age adult weight attained at ISO days was approximately the same 
whether the diet contained 14 or IS.S per cent of protein. 


V 


Com parison of Arerag ights of Animals LLL Diets ff Prot in 


and Calerum Contents 


\ce 
No 
Ne of Aver Aver of Aver 
weight weight Weight weight 
jm yn gre 
171 33 222 3 327 
is 22 12 7 216 32> 
172 33 14s 22 227 
Females 32 w 32 rr 144 7 INS 
171 22 17 4 an 


Increasing the protein content of a diet containing a 3-fold or a 
4-fold enrichment in caleium content over that of Diet 16 (Diets 
168 and 169, respectively) has resulted in a somewhat more rapid 
growth in the males up to 90 days of age, when the average weight 
of the animals on the two diets becomes approximately the same. 
Thus these data as a whole show that the growth of the males was 
more rapid with IS.S per cent protein than with 14.0 per cent pro- 
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tein in the diet, whether its calcium content was 0.2, 0.6, or 0.8 
per cent of the dry weight of the food mixture. 

With the female animals, the result of increasing the protein 
content of the various diets is not as clearly defined as in the case 
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Males 
Females | 
Males 


Females 


NIales 
Females 
Males 
Females 


* + average 


of the males: 


| Age 


| Dhet | 

| Ne 

| | 

71 
72 3 


— 

| 


64 

| 172); 4 
i703 

4 | 

1172) 

1170); 4 | 
71 | 5 | 
72) | 

al 
172) 4 | 
4 
71 4 
i772 


deviation of 


but there 


growth and calcification. 


Calerum Content of Animals 


Taste VI 
Average Calcium Content of Rats at Different Ages on Diets Containing 18.8 
Per Cent of Protern and from 0.18 to 0.7 


Ca | 
tend 
diet AL 
per | i 
fen? om. 
Om A 
077 
IS 


77 | 
om t4l 


O77 149 


061 219 
0.77) 218 
O18 153 
137 
0.77 152 
Om 202 


O77 
ON 212 


O61 313. 


0.77; 325 | 


0 18 2H) 


the mean. 


| 
| 0.77) 194 | 


0 27 +0 08° 


? Per Cent of ¢ ‘aleium 


Total Ca in body 


gm. 


O46 +0 01 


047 +0 04 
Oo +0 02 


Oo +0 01 


0440 01 
O83 +0 Of 


1 +40 02 


12 +0 07 


+0 


no +o OR 
+0 OF 
46 +0 10 
+) OS 
+0 07 
20 +0 03 
53 +0 
73 +0 06 
“+0 19 
+0 11 
3.39 +0 07 


+0 24 


| 


22420 10 


2232003 


per cont 


| 6 +0 02° 
O88 40 02 
0 +40 02 
065 +0 005 
0% +40 02 
(0.98 +0 O1 
0 67 +40 02 
ool +0 01 
+40 038 
0 74 +0 02 
1 OF +0 Ol 
1 +40 02 
072+0 04 
1 oO +0 02 
1 02 +0 01 
0 90 +0 006 
1 23 +0 02 
12 +0 Ol 
0 92 +0 005 
1 03 +0 OOS 
1 O8 +0 001 
1.10 
1 22 +0 Ol 
1 20 +0 Ol 


appears a significant relation between 


As has been previously mentioned, 


28 to 20 day-old offspring of the animals on Diets 170 to 172 were 


| 
| 
aft 
17 
12 
| pe | 
142 
124 
| 
277 
208 | | 
SS |) 
SS 


702 Protein Intake and Growth 


reared on the diets of their mothers to definite ages and their 
bodies analyzed for calcium at 30, 60, 90, and ISO days of age. 

These animals were kept in individual cages with food and dis- 
tilled water available ad libitum. All of them grew normally and 
were apparently in good health. The animals were killed with 
chloroform and brushed to remove any food or other foreign par- 
ticles from the fur. The gastrointestinal tract was dissected out, 
the contents removed, and the weight of the contents subtracted 
from the live weight of the rat to give net weight, which was used 
as a basis in all calculations. The bodies were prepared for 
analysis and caleium determined as previously described (9-11). 
The results are summarized in Table VI. 

These analyses show that in the second generation of families 
on diets of liberal protein content (IS.S per cent of the air-dry 
food mixture) the diet having a calcium content of 0.6 or OLS per 
cent of the dry matter had enabled the body to attain a ealeium 
content of OSS to 0.90 per cent in the males and 0.04 to O98 per 
eent in the females at 30 days of age, as compared with 0.60 per 
cent in the males and 0.65 per cent in the females at the same age 
on the diet having a calcium content of 0.2 per cent, although this 
latter meets the minimal needs of normal nutrition. This differ- 
ence is essentially the same as that found by Toepfer and Sherman 
(11) in corresponding animals on diets of lower protein content 
(l4 percent). The rate at which the percentage of calcium in the 
body approaches that of the normally developed young adult is 
also very similar for the two groups which received diets otherwise 
alike but containing approximately 14 per cent and ISS per cent 
of protein respectively. 

Among the animals on the diet of approximately minimal ade- 
quate (0.2 per cent) calcium content, enrichment of the protein 
content of the diet from 14 per cent to IS.S per cent resulted ina 
somewhat increased gain of body calcium, especially in the period 
of most rapid growth (around the ages of 60 to 90 days), which 
difference had practically disappeared at 180 days. 

Among those on diets of liberal (0.6 to OS per cent) calcium 
content, the effect of similar enrichment of the dietary with protein 
Was apparently more complex. In the cases in which the animals 
responded to the extra protein feeding by increasing their rate of 
growth, there appears to have been also an increase in the rate of 
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calcification, while in the cases in which the extra protein did not 
increase the growth rate, the calcification was no more rapid or 
was even somewhat less rapid than on the lower level of protein 
feeding. 


Experiments with Diets of Higher Protein Contents 


As above noted, growth was sometimes but not always more 
rapid with protein at IS.S per cent than at 14 per cent in our ex- 
periments. It is also of interest in this connection that in the 
experiments of MeCay, Crowell, and Maynard (8) a diet which, 
along with liberal proportions of yeast and of cod liver oil, con- 
tained 40 per cent of protein in the dry food mixture resulted in 
growth which was judged to be too rapid for best results, inasmuch 
as restriction of growth by limiting the allowance of this rieh diet 
was followed by increased longevity of the males though not of 
the females. With a view to exploring the area between the Cor- 
nell experiments and those described above, we have begun ex- 
perimentation with diets containing 25 per cent and 40 per cent of 
protein. 

bor the experiments with dietaries enriched with protein to 25 
and to 40 per cent without other change (Diets 675 to 676), young 
animals from families on Diets 171 and 172 were used. Experi- 
ments with diets of 40 per cent protein content plus vitamin en- 
richment (Diets S50 to 852) were started with matched lots of 
young animals from other families belonging to the same strain. 

The compositions of the diets are summarized in Table VII; 
and the average growth of the rats on each diet from their 28th 
to Stith days of age is shown in Table VIII. 

At the lowest level of caleium intake here studied (0.18 to 0.22 
per cent caleium in the dry food mixture), the increase of the pro- 
tein content of the diet from 18.7 per cent to 25 per cent of the 
dry weight of the food and also the further increase to 40 per cent 
of protein with or without vitamin enrichment have here resulted 
in more rapid growth of the males but not of the females. This is 
suggestive, in view of the fact that in the experiments of MeCay, 
Crowell, and Maynard with diets of high protein and vitamin 
content the males but not the females seemed (when the food was 
furnished ad libitum) to grow more rapidly than was consistent 
with subsequent longevity. 
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Diets Di fh ring in Composition 


| Males 
Diet No. | in in diet 
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per cent | per cent | per cent grr | 
16S 0 46 <1° 
171 061 043 +3 
673 065 | 046 | 12144 
674 | 0.68 | 0.48 | 40 O1+4 
git | 059 | 042 | 399 07 +3 
160 0 | 053 | 40); 2 
172 | 0.77 | 053 | 88 | 
675 «| O81 | 056 | BD 7 442 
676 0 S82 | O57 | 40 
S2t | 0.79 | 057 | 39.8 | +6 
| 0.19 | 044) 40] 32 6541 
170 | 0.18 | 043 | 187 79+2 


* + average deviation of the mean. 
t Diets enriched in their vitamin values. 
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In those of our experiments in which the level of calcium supply 
was liberal (0.6 to O.8 per cent of calcium in the dry food mixture), 
increase of protein from 18.7 to 25 per cent of the dry weight of 
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food increased the growth of both males and females; while a 
further increase of protein to 40 per cent, with or without simul- 
taneous enrichment in vitamin values, has not resulted in more 
rapid growth than that shown by the animals receiving the diets 
of 25 per cent protein content. 

Studies of the relations of these further enrichments to the rate 
of caleifieation are in progress. 


SUMMARY 


Starting with a diet containing 0.2 per cent of calcium in the 
dry matter (a nearly minimal adequate level), we found that an 
increase in the protein content of this diet from 14 per cent to 
ISS per cent resulted in a more rapid growth, measured by gain 
in weight during the period from the 28th to the 56th day of age 
in the rat, and also an increased rate of calcification. 

With diets of liberal normal caleium content (0.64 to OS per 
cent), inerease of protein content from 14 to IS.S per cent some- 
times did and sometimes did not increase the rate of growth. 
When the rate of growth was thus increased, the rate of normal 
calcification was also increased. 

Increasing the protein content of these diets of more liberal 
calcium intake to 25 per cent of protein in the air-dry food mixture 
induced a further increase of growth in both male and female rats 
during the period from the 28th to the 56th day of age. A further 
increase in the protein content of these diets to 40 per cent of the 
air-dry food mixture with or without a simultaneous enrichment in 
Vitamin values did not inerease the rate of growth of either males 
or females over that obtained on a diet containing 25 per cent pro- 
tein. 


While the work here described has been separately supported, 
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tion of the Carnegie Corporation of New York and the Carnegie 
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A NEW ESSENTIAL DIETARY FACTOR* 
hy C. A. ELVEHJEM, C. J. KOEHN, Jn, axo J. J. OLESON 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison) 


(Received for publication, July 8, 1996) 


We have shown in our previous work (1, 2) that flavins are inae- 
tive in the cure or prevention of pellagra-like symptoms in the 
chick and black tongue in dogs, and that a fraction prepared from 
liver extract from which the flavin had been removed by adsorp- 
tion on fullers’ earth was highly active in the prevention of both 
these syndromes. Reeently Dann (3), using the technique of 
Ruffin and Smith (4), tested the efficacy of lactoflavin in the treat- 
ment of human pellagra. Of the three pellagrins which he stud- 
ied, none responded to lactoflavin, although two of them, when 
subsequently given liver extract, showed remission of symp- 
toms. It is evident, therefore, that flavins are not the human 
pellagra-preventive factor. 

In another paper by Bireh, Gyorgy, and Harris (5), which 
appeared after the work reported in this paper was initiated, the 
following conclusion is made, “The human pellagra-preventing 
CP.-Po) factor is different both from vitamin Be (hitherto ealled 
the ‘rat pellagra’ factor) and from lactoflavin, two known compo- 
nents of the vitamin B, complex.” These workers also state that 
the so called chicken pellagra of Elvehjem and Koehn appears to be 
distinet from vitamin Be deficteney, and its relation to human 
pellagra and black tongue is undecided. The relation of the faetor 
remaining in the liver extract preparation after removal of flavins 


* A preliminary report of this work was presented before the Thirtieth 
annual meeting of the American Soctety of Biological Chemists at Wash- 
ington, Mareh 25 28, 1036. 

Published with the permission of the Direetor of the Wisconsin Agri- 
cultural Experiment Station. 

This research was supported in part by a grant from the Graduate 
School of the University of Wisconsin. 
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to black tongue is no longer undecided because we (2) have 
shown the fraction to be highly active in the cure of black tongue. 

Since most of the work on vitamin B, has been carried out with 
rats as the experimental animal, we were interested in using rats 
for assaying the potency of the factor remaining in the fullers’ 
earth filtrate from liver extract. Since this factor is probably 
identical with or closely related to the human pellagra-preventive 
factor, we will continue to designate it vitamin B, until the nomen- 
clature is settled by the proper authorities. 

Goldberger and Lillie (6) were the first to produce pellagra- 
like symptoms in rats on diets in which the vitamin B complex 
was supplied as an 85 per cent alcohol extract of corn-meal. They 
considered the dermatitis in rats to be analogous to human pel- 
lagra. The greatest difficulty has been encountered in incor- 
porating vitamin B, and other essential factors into synthetic 
rations without adding appreciable amounts of the vitamin being 
studied. Chick and Roscoe (7) used a vitamin B,; concentrate 
prepared by Kinnersley and Peters; Bourquin and Sherman (8) 
an alcoholic extract of wheat: and Hogan and Richardson (9) 
irradiated yeast. The potency of the material assayed was 
generally based upon rate of growth in unit time. Several work- 
ers, Chick and Roscoe (10), Salmon, Haves, and Guerrant (11), and 
Sure, Smith, and Kik (12), have reported a lack of correlation 
between the failure of growth and the incidence of pellagra, but 
in spite of these observations growth has continued to be used as 
the criterion of potency of vitamin B, concentrates. 

Diets compounded according to the Bourquin-Sherman formula 
have been employed most extensively in vitamin Be, studies. 
Gyorgy, Kuhn, and Wagner-Jauregg (13), using this type of diet, 
found 5 micrograms of lactoflavin to stimulate growth in rats if 
the ration were supplemented with a further fraction obtained 
from yeast. Chick and Copping (14) had produced evidence 
that yeast contained in addition to vitamins B, and By a dietary 
factor designated as factor Y. Later Gyorgy (15), Chick, Cop- 
ping, and edgar (16), and Harris (17) demonstrated that the ‘“com- 
plimentary factor” and not the lactoflavin is the one which pro- 
tects rats against the so called pellagra-like dermatitis. Gydérgy 
(15) named the complimentary factor vitamin By and Copping 
(18) in a very recent paper fully confirms the conclusions of Gyérgy 
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and shows that flavin prevents an affection of the skin of rats in 
which the hair is shed without swelling or inflammation and vita- 
min Be prevents symmetrical florid dermatitis. 

Thus a synthetie diet in which an aleoholic extract of grains is 
used will vary depending upon the amount of flavin, vitamin Bg, 
and other factors which this extract carries. This variation has 
been discussed by both Birch, Gyérgy, and Harris (5) and by 
Copping (1S). 

In our work we tried to devise a ration as synthetic as possible 
which contained all of the vitamin B complex except vitamin Be. 


I 


Constituents of the Various Diets 
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* Rats not receiving cod liver oil were irradiated twice weekly. 


However, completely negative results were obtained with a ration 
supplying ample amounts of vitamins B,, B), By, Be, and flavins. 
Thus our ration was deficient in an additional unrecognized factor 
which we wish to describe in this paper. 
EXPERIMENTAL 
The easein for our synthetic rations was prepared from skim 
milk by precipitation with HCI], decanting, washing, dissolving in 
ammonia, and repeating the process three times. The butter fat 
was freed from curd by melting and filtering. Salts | deseribed by 
Kline, Bird, Elvehjem, and Hart (19) were used. 
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In the first trials, several modifications involving carbohydrate, 
fat, and vitamin supplements were tried (Rations hy, Noa, K4, 
Ks, Ks, and Ky, Table I). Typical growth curves of rats placed 
on several of these rations are shown in Chart I. It is readily 
seen that rats on the vitamin B-free rations plus vitamin B, com- 
pletely failed to grow. They also failed to show any symptoms 
which might aid in determining the specific deficiencies. When 
these rations were supplemented with 2 per cent of ether extract 
of wheat germ, which is known to contain the factor described by 
Hogan and Richardson (20), and which has a curative action on 
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Cuartr I. Growth curves for rats on the basal ration and the basal 
ration supplemented with vitamin B,, flavin, crude liver extract, and 
aleohol-ether precipitate fraction. 


Vitamin Be-deficient animals (21), no improvement was noted. 
However, when 5 per cent liver extract was added to these rations, 
excellent growth resulted. Typical growth curves are shown in 
Chart I. Apparently 5 per cent liver extract supplied all of the 
missing factors of the vitamin B complex. 

Our next step seemed quite obvious. Rats from the same litter 
were divided into three groups at the age of weaning. Ome group 
received the basal Ration Ky plus flavin, one group basal Ration 
Ky plus vitamin B., and one the basal ration plus both flavin and 
vitamin B,. The flavin and vitamin B, fractions were prepared 
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according to the method of Koehn and Elvehjem (2). Typieal 
results are shown in Chart 1. Complete failure of growth re- 
sulted in all cases. When basal Rations Ky and Ky were used 
with the same supplements, similar results were obtained. Since 
Ration Ky, contained 12 per cent corn, the deficieney could not be 
one due to lack of vitamin Be.  Inereasing the levels of vitamin B, 
and flavins had no effeet. However, when basal Ration Ky, was 
supplemented with as little as 2 per cent liver extract, the rats 
developed normally (Chart 1). 

It is verv evident that the addition of either flavin or vitamin 
B. independently or together had no effeet on growth. Thus 
the basal ration was deficient in constituents of the vitamin B 
complex other than B,, Be, Be, and flavins. Since liver extract 
alone produced excellent growth, while the flavin and vitamin B, 
coneentrates gave completely negative results, the other factor or 
factors must be present in liverextract. We turned our attention, 
therefore, to the various fractions from the liver extract, whieh 
might carry additional faetors. The two fractions in the prepara- 
tion of the flavin and vitamin B, concentrates from liver extract, 
previously deserthed (2), which were discarded and which might 
be active, were the aleohol-ether precipitate, and the fullers’ earth 
after elution of the flavins. 

When the aleohol-ether precipitate equivalent to 2 per cent 
liver extract was added to basal Ration Ky supplemented with 
flavin and vitamin By, phenomenal growth response was observed 
(Chart I). Thus a factor distinet from vitamins B,, Bs, Bs, and 
flavins necessary for the growth of rats was contained in this 
fraction. 

Rats placed on Ration Kyo supplemented with the aleohol-ether 
precipitate, flavins, and vitamin B, for a long period of time ex- 
hibited symptoms of paralysis typical of a vitamin B, deficiency. 
This condition could be prevented by the addition of 5 per cent of 
ground peanuts or 12 percent ot ground white corn, supplements 
shown in this laboratory to be good sources of vitamin B,. The 
best results were obtained with Ration Ky in which white corn 
furnished the vitamin By, as well as vitamin Bs, and which con- 
tained a lower percentage of fat. 

Since we now had a complete ration, we attempted to produce 
pellagra by supplementing basal Ration Ky plus the precipitate 
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factor with flavins, and to produce flavin deficiency by supple- 
menting with vitamin B,. However, basal Ration Ky plus the 
precipitate factor alone produced the same growth as that ob- 
tained when vitamin By and flavin were also supplied (Chart ID). 
Evidently the fraction containing the precipitate factor was con- 
taminated with flavin and vitamin B.. Therefore, we concen- 
trated our efforts on purifying the precipitate. 

Assay For studying the new factor, we have used basal Ration 
Kyo and have relied upon growth records as an indication of aec- 
tivity. Although this factor has a profound effect on the develop- 


Boay / 
ve / 
Rat fon 
/ L 
10 dai} 
Ration Ratibn Rattidn tion K.. 
flavgEn Ba | 


Cuart ll. Growth curves for rats on basal Ration Ky. and the basal 
ration plus various supplements containing the aleohol-ether precipitate 
factor. 


ment of the rat, no definite pathological symptoms have been 
observed in rats suffering from this deficiency other than lack of 
growth and general emaciation. 

Distribution and Identity Many workers have reported that 
rats fed a diet devoid of vitamins of the B complex grew normally, 
if the ration was supplemented with yeast or an aqueous extract 
of yeast. We were interested therefore in determining the po- 
tency of yeast in respect to our precipitate factor. We found that 
dried bakers’ yeast Was a good source of this factor, producing ex- 
cellent growth at a 4 per cent level (Chart IID). Whole milk was 
found to produce an immediate growth response when 10 ce. were 
fed daily (Chart IT). 
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Since the general behavior of the factor indicated that it might 
be proteinaceous in nature, products of this type were assayed. 
Arginine, cystine, and choline were completely inactive, as was 
blood fibrin fed at 2, 5, and 10 per cent levels. Crude casein, 
brain, and lung tissue were found to be inactive. Liver residue 
remaining after the liver extract was prepared showed practically 
no potency even at a 10 per cent level. Increasing the levels of 
vitamin B,, B., and flavin also had no effect. 

Preliminary results indicate that the aleohol precipitate factor 
is quite heat-labile. When the erude fraction obtained from liver 
extract Was autoclaved for 6 hours at 120° and 15 pounds pressure, 
the activity was completely destroyed. Definite reduction in 
the potency of yeast has been observed due to autoclaving and 
heating dry at 120° for 3 days. Like the other factors in the 
vitamin B complex, the stability is somewhat dependent upon 
pH and a detailed report of the stability will be made in a later 
paper. 

Concentration of Factor from Liver Extract —Attempts to use SO 
and 00 per cent concentrations of alcohol to precipitate the factor 
from an aqueous solution of liver extract did not give consistent 
results. In the case of 90 per cent alcohol about one-half of the 
potency remained in the filtrate and one-half in the precipitate. 
We returned, therefore, to the use of a mixture of aleohol and 
ether for the first fractionation and acetone was used in the ad- 
ditional steps. 

100 gm. of liver extract were dissolved in 200 ce. of HO and 
| liter of ethyl aleohol and 1200 ce. of ethyl ether were added with 
constant stirring. The precipitate was allowed to settle out and 
the supernatant liquid siphoned off. The precipitate was dis- 
solved in 100 ce. of water and reprecipitated. After being washed 
with an ether-aleohol-water mixture, the precipitate was dissolved 
in 400 ec. of HO and allowed to stand for 24 hours, whereupon a 
light colored precipitate settled out, which was centrifuged off 
and washed with 25 ee. of H,O. This precipitate was found 
to be inactive (Curve 2, Chart ILD), while the filtrate was active 
(Curve 1). The combined filtrate and washings were concen- 
trated mn vacuo at 50° to SO ce. Upon the addition of 10 volumes 
of acetone, a dark gummy precipitate formed, which was active. 
The filtrate was inactive (Curve 3, Chart IID). The precipitate 
was dissolved in 50 ec. of water and reprecipitated with 10 volumes 
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of acetone. After being washed with acetone, the precipitate was 
dissolved in 250 cc. of HeO and allowed to stand, whereupon more 
insoluble material settled out, which was centrifuged off and 
washed with 25 ec. of H,O. The precipitate was inactive (Curve 
4, Chart III), whereas the filtrate was active (Curve 5). The 
filtrate was diluted to 300 cc. and 95 per cent aleohol added until 
the aleohol concentration reached 50 per cent, whereupon a light 
colored voluminous precipitate was obtained, which was washed 
in 50 per cent aleohol and reprecipitated. The combined filtrates 
were active (Curve 6), while the precipitate was inactive. The 
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Cuarr ill. Growth curves for rats on basal Ration Ky. plus fractions 
prepared during the concentration of the aleohol-ether precipitate factor 
from liver extract. 


alcohol was removed from the filtrate by vacuum distillation and 
the solution diluted to | liter. The solution was heated to 7 
and the factor adsorbed by shaking with 10 gm. portions of norit 
until the solution was practically colorless. Five 10 gm. portions 
of charcoal were needed. The filtrate was inactive (Curve 8). 
When the charcoal was fed equivalent to 2 per cent of liver extract, 
good growth was obtained (Curve 7). Considerable difficulty 
has been encountered in attempts to remove the active substance 
from the charcoal. Other methods of concentration are now being 
studied. 
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DISCUSSION 


A question of prime importance in describing a new dietary 
factor is its relation or possible identity with known essential 
factors. We have shown that the aleohol-ether precipitate fac- 
tor cannot be flavin or vitamin B,. Identity with vitamin B, is 
ruled out by the faet that our basal ration contains sufficient white 
corn to meet the vitamin By requirements of the rat. Also, pea- 
nuts and brain tissue, known sources of vitamin By, are inactive. 

Hogan and Richardson (22), using a sucrose ration which con- 
tained an irradiated aleohol extract of yeast as a source of vitamin 
B,, produced twodistinct deficiency symptons denuding which 
was cured by flavins, and a general dermatitis which was cured by 
an alcoholic extract of corn-starch or by an ether extract of wheat 
germ. The relation of this factor to vitamin Be has been dis- 
cussed by Bireh and Gyorgy (21). That the precipitate factor 
is distinet from vitamin Be, is evidenced by the facet that an ether 
extract of wheat embryo, found by Hogan and Richardson to be 
active, failed to give any response on our ration, and by the facet 
that Birch, Gyorgy, and Harris (5) have shown that corn is rich 
and liver extract is low in vitamin Bg. 

Since the precipitate factor has such a profound effect on the 
growth of rats and since the body is so readily depleted of this 
factor, the idea presented itself that it might be an amino aeid. 
Arginine and cystine, the two amino acids most easily destroyed 
by our method of purifving casein, proved to be inactive. Blood 
fibrin, which is rich in a-amino-8-hydroxybutyrie acid, also failed 
to give a response. Finally, crude commercial casein, which is 
considered to be a complete protein for rats, was found to be 
inactive. Thus the evidence points quite clearly to the fact that 
this factor is not an amino acid. Furthermore, this factor is 
destroyed by autoclaving for 6 hours at pH 7, a property which is 
not characteristic of amino acids. 

Choline, shown by McHenry (23) to be an accessory food factor, 
is also ruled out because of its inactivity. 

Although evidence has been advanced that the factor described 
in this paper is distinet from vitamins B,, B,, By, Be, and flavin, 
we must still consider its relation to certain additional factors 
Which have been reported in the literature. Since we have found 
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the aleohol precipitate factor to be quite heat-labile, only those 
factors Which appear to be thermolabile will be discussed. 

In 1927 Williams and Waterman (24, 25) described a thermo- 
labile factor in yeast necessary for pigeons. However, they 
demonstrated that rats did not need this factor. Of course this 
may merely mean that rats fed on the ration used by them did 
not require this material. Williams and Eddy (26) named this 
factor vitamin Bs and later Eddy and coworkers (27) showed it to 
be necessary for chicks. Carter and O’Brien (28) have recently 
described the concentration of vitamin By from liver and obtained 
two fractions one of which was adsorbed on fullers’ earth (flavin) 
and the other which remained in the filtrate. Although the fae- 
tor described in this paper may have appeared in one of the above 
fractions, it is also possible that Carter and O’Brien were dealing 
only with flavin and vitamin Be. 

The relation of the alcohol precipitate factor to the casein fae- 
tor described by Coward and coworkers (29) is not clear. It 
appears that they are not identical, since the latter workers were 
unable to extract their factor from yeast and the alcohol precipi- 
tute factor is found in yeast and is readily water-soluble. We 
also found crude casein to be a very poor source of our factor. 
It also appears that it is different from “‘physin”’ since Mapson 
(30) found physin to be readily soluble in acetone. The third 
factor of Hunt (31) may bear some relation to the factor described 
here. The relation of the additional factor described by Stiebel- 
ing (32) is also difficult to explain, since her work was done before 
the appreciation of the requirement of both flavin and vitamin B, 
in the B complex. Since the additional factor in the vitamin B 
complex described by Block and Hubbell (33) is adsorbed on 
Lloyd's reagent, it may be related to the alcohol precipitate fac- 
tor, as we found it to be adsorbed on charcoal. However, their 
factor Was prepared from rice polishings and we have not tested 
this material for the alcohol precipitate factor. 

Jansen et al. (34), using a ration devoid of all vitamins of the B 
complex, obtained normal growth in rats when the ration was 
supplemented with an aqueous extract of yeast, from which they 
conclude that this extract must contain all unknown water-soluble 
Vitamins which are necessary for normal growth in rats. The 
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alcohol-ether precipitate factor is undoubtedly one of the factors 
contained in this yeast extract. 

The work on the precipitate factor presents many important 
aspects, the most interesting of which is its relationship to studies 
on Vitamins B, and By. Since it is destroyed by autoclaving, 
autoclaved rations used for vitamin B, assay must be low in this 
factor, thereby limiting the growth and causing irregular appear- 
ance of symptoms. A number of workers have suggested that a 
small amount of vitamin B, must be added to a vitamin B,-low 
ration to produce polyneuritis. Since the vitamin B, is generally 
added as yeast, it is probable that it is the aleohol-ether precipitate 
which is the limiting factor. Kline, Bird, Elvehjem, and Hart 
(19) experienced difficulty in producing a vitamin B, deficiency 
with a synthetic ration in which the known factors were supplied 
in concentrated form. They found, however, that this difficulty 
could be overcome by using yeast or liver extract as a source of 
these factors. Here again these crude supplements were furnish- 
ing the necessary alcohol-ether precipitate. 

It is obvious that this factor must be taken into consideration 
in any attempt to produce pellagra in the rat. In the absence of 
this factor, complete failure of growth results, which would render 
impossible any attempt to deplete the animal of vitamin By. 
Robinson and Newton (35) were able to produce flavin and vita- 
min B, (P-P factor) deficiencies in rats only in the presence of 
carefully controlled amounts of yeast in the ration. Again the 
limiting factor was undoubtedly the alceohol-ether precipitate. 
We found, however, that it is extremely difficult to add the alceo- 
hol-ether precipitate factor without adding vitamin By, as a con- 
taminant. Perhaps it was the difficulties mentioned above which 
prompted Birch, Gyorgy, and Harris (5) to conclude that, “Rats 
do not need the human P.-P. (or canine blacktongue) factor in 
any significant amount, or are able to synthesise it.” 

Thus it is evident that much of the difficulty in the use of syn- 
thetic rations reported in the literature is due to a lack of this 
factor. Although we have demonstrated that the aleohol-ether 
precipitate factor is not identical with any of the known essential 
dietary factors, we have not given a definite name to this factor 
other than calling it the aleohol-ether precipitate factor. Our 
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suggestions for the designation of this factor are being submitted | 19 
to the Committee on Nomenclature of the American Society of 


Biological Chemists. - 
21 
SUMMARY 
1. An essential dietary factor is deseribed, which is distinet 
from the known dietary essentials, ‘ 
2. This factor occurs in liver, veast, and milk 2 
3. It is water-soluble, insoluble in the fat solvents, labile to mh 
sutoclaving, and adsorbed on charcoal. 
4. A method of concentrating the factor is deserthed a 
We are indebted to Dr. C. Nielsen of the Abbott Laboratories ys 
and Dr. David Klein of The Wilson Laboratories whe supplied tis 
with liver extract. We are also indebted to Dr. A. G. Hogan for sl 
sending us an ether extract of wheat germ which he had shown to ~ 
be active in the prevention of dermatitis in rats as 
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THE SPATIAL CONFIGURATION OF «a-AMINO-§- 
HYDROXY-»-BUTYRIC ACID* 


By CURTIS E. MEYER? ann WILLIAM C. ROSE 
(From the Laboratory of Biochemistry, University of Illinois, Urbana) 


(Received for publication, July 20, 1936) 


Several months ago MeCoy, Meyer, and Rose (1935) described 
the isolation and identification of a-amino-3-hydroxy-n-butyric 
acid as a cleavage product of proteins, and demonstrated that the 
new amino acid is an indispensable component of the diet. Since 
that time attention has been directed to the determination of the 
spatial configuration of the compound. It is the purpose of the 
present paper to outline these investigations and to suggest a 
simple name for the amino acid. 


EXPERIMENTAL 


Obviously, a-amino-8-hydroxy-n-butyric acid may exist in four 
optically isomeric forms. In our previous report (MeCoy, Meyer, 
and Rose, 1935) we pointed out that the natural acid has a 
specific rotation of approximately —28°. Reduction with hydrio- 
die acid and red phosphorus (ef. Abderhalden and Heyns (1934)) 
vielded an a-amino-n-butyrie acid having “a slight but unmistak- 
able dertrorotation.”” Unfortunately, it was not possible to de- 
termine accurately the specifie rotation of the reduced product 
because of the small amount of material available at that time. 

We have now repeated the reduction using slightly modified 
conditions. For this purpose, a mixture of 1 gm. of the hydroxy- 
amino acid, 0.3 gm. of red phosphorus, and 12 ce. of hydriodie 
acid (sp. gr. 1.96) was heated in a sealed tube at 150-155° for 7 
hours. After cooling, the contents of the tube were diluted with 
300 cc. of water and evaporated in vacuo to a volume of 3.ec. The 


* Aided by grants from the Rockefeller Foundation and the Graduate 
School Research Fund of the University of Illinois. 
t Research Assistant in Biochemistry. 
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latter was diluted to 250 cc. and treated with moist silver oxide 
for the removal of the iodide ion. The excess silver was precipi- 
tated with hydrogen sulfide, and the silver sulfide was removed by 
filtration. The solution was decolorized with a small amount of 
norit, and after filtration Wiis concentrated in vacuo to about 2 
ec. Absolute aleohol was added until a faint turbidity developed, 
and the solution was placed in a refrigerator for crystallization. 
The product was recrystallized twice by dissolving in the mini- 
mum amount of water and adding absolute aleohol to incipient 
precipitation. The following values were obtained on analysis. 


C.H,NO,. Caleulated. C 46.57, H S80, N 13.59 


A determination of the specific rotation ins aqueous solution 
vielded the following result. 
+1). 25) 


laly 2 (0.1495/5) 


According to Oikawa (1925), natural a-amino-n-butyvric acid 
has a specific rotation of 4+8.05°. Fischer and Mounevrat (1000) 
report values of 4+8.0° and —7.92°, respectively, for the two enan- 
tiomorphs prepared by the resolution of synthetic a-aminobutyric 
acid. Evidently, almost half of our compound had undergone 
racemization during the reduction: but the data demonstrate con- 
Clusively that the product was the dertrorotatory form of a- 
amino-n-butyric acid. 

The above observations suffice to establish the spatial relation- 
ship of the groups around the a-carbon atom of our hydroxy- 
aminobutyric acid. d-a-Amino-n-butyric acid, like all other 
naturally occurring a-amino acids thus far investigated, belongs 
to the L series (cf. Clough (1918) and Levene (1926)). Thus the 
hvydroxvaminobutyrie acid present in proteins must have one of 
the two possible configurations indicated in Formulas T and If. 


COoH 
H.N—-C—-H H.N --C-——H 
HO ¢ H H— C—OH 

CH, CH, 
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Formula I is analogous to the structure of the sugar l (+)- 
erythrose, while Formula Il corresponds to the configuration of 
d( — )-threose.' 

In order to establish which of the above represents the correct 
formula, advantage was taken of the observation of Dakin (1917) 
that oxidation of an a-amino acid (1 mole) with chloramine-T 
(1 mole) yields the corresponding aldehyde with 1 less earbon 
atom. According to this procedure, hydroxyaminobutyrie acid 
should vield a lactic aldehyde whose spatial configuration could 
be identified by further oxidation to the lactie acid. For this 
purpose, 2 gm. of hydroxvaminobutyrie acid were dissolved in 10 
ec. of water and treated with a solution of 5 gm. of chloramine-T 
in 40 ce. of water. The temperature of the amino acid solution 
was about 30°, while that of the reagent was approximately 80°. 
The mixture was stirred vigorously for 15 minutes, and was then 
cooled in an ice bath until most of the toluene sulfonamide had 
erystallized. After filtration, the precipitate was washed with a 
small amount of ice water, and the washings were added to the 
main solution. The whole was diluted to 100 ce. 

A portion of the above solution was tested for its optical rota- 
tion. It rotated strongly to the left, indicating that the oxidation 
had not proceeded to pyruvie aldehyde or acid. The biuret reae- 
tion Was negative, showing the absence of hydroxyaminobutyrie 
acid. As further proof that lactic aldehyde was actually produced, 
a sample of synthetic a-amino-3-hydroxy-n-butyrie acid* was 
treated with chloramine-T, as outlined above, and the resulting 
product was transformed into the p-nitrophenylosazone according 
to the method of Dakin and Dudley (1913). After purification, 
the derivative was found to contain 24.58 per cent of nitrogen as 
compared with the theoretical value of 24.56 per cent. Ob- 
viously, this reaction is ineapable of distinguishing between 
lactic aldehyde and pyruvie aldehyde, but that the latter was 
not obtained was demonstrated by the strong lerorotation of the 


' Divergent opinions concerning the direction and degree of rotation 
of d-threose are expressed in the literature, but Hockett (1935) reports 
that the sugar manifests an equilibrium rotation in water of approxi- 
mately —12.4”, 

? This racemic modification consisted of the natural product and its 
enantiomorph. It was synthesized in this laboratory by Dr. H. E. Carter 
and Mr. H. D. West, who will publish the procedure in the near future. 
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compound produced by the degradation of the natural hydroxy- 
aminobutyric acid. 

No attempt was made to isolate the lactic aldehyde formed from 
the natural hydroxyamino acid. Rather it was oxidized to the 
corresponding lactic acid, which was purified as its zine salt. For 
this purpose, the solution was acidified with a few drops of hydro- 
chloric acid and treated with bromine water until an excess had 
been added as indicated by the presence of an orange color after 
the flask has been allowed to stand in the sun. After 24 hours, 
the solution was concentrated in vacuo to 50 ec. and repeatedly 
extracted with ether. 500 ce. of the solvent were used. The 
ether was then removed in vacuo, and the residue was dissolved in 
100 ce. of water. Basie zine carbonate was added in excess, and 
the mixture was shaken for a few minutes and filtered. The fil- 
trate was concentrated tn vacuo to incipient crystallization and 
treated with an equal volume of aleohol. This not only promoted 
the crystallization of the zine lactate, but prevented the separation 
of contaminating toluene sulfonamide. One reerystallization of 
the zine lactate from the minimum quantity of water vielded 1.85 
gm. of pure Zn(CsHgQO s)2-2H.O, as compared with a theoretical 
vield of 2.35 gm., from 2 gm. of hydroxvaminobutyric acid. Anal- 
ysis of the anhydrous salt gave the following values. 


Zn(C,H,O;)+. Caleulated. C 20.57, H 4.14, Zn 26.85 
Found. ** 29.90, ** 4.26, ** 26.74, 26.87 


By the same procedure a second sample of zine lactate was 
prepared from hydroxvaminobutyrie acid, and the specific rotation 
of each (anhydrous salt) was determined. The results were as 


follows: 


29 
Sample 1. [a], = (0.100773) = 


2. lalp = = +8.02 
2 & (0.261910) 


Values reported in the literature for 2.5 per cent aqueous solu- 
tions range from +8.0° to +8.2° (ef. Cori and Cori (1920)). 


It is well known that the direction of rotation of zine lactate is 


opposite to that of the free lactic acid from which it is prepared 
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(cf. Freudenberg (1914); Cori and Cori (1929)). Thus the lactic 
acid obtained by the action of chloramine-T on natural hydroxy- 
aminobutyric acid is lererotatory, and hence belongs to the D 
geries (ef. Levene (1926)). These facts demonstrate that the B- 
carbon possesses the D configuration, and that our hydroxryamino- 
butyric acid is an L-D type corresponding in spatial structure to 
d(—)-threose. The accompanying diagram illustrates the reae- 
tions involved. 


COOT 
H—C—H 
we 
COOH CH, 
L(+ )-a-Aminobutyrie 
HN ( acid 
H—C- OH oF 
CH, ( He COOH 
Ch, 
D( — )-Lactie — )-Lactie 
aldehyde acid 


These reactions definitely establish the spatial configuration 
of the new amino acid. Confirmatory evidence for the threo 
structure was obtained by an entirely different method of attack; 
namely, the transformation of the hydroxyamineo acid into the 
corresponding dihydroxybutyrie acid, and the identification of 
the latter as its phenylhydrazide. For this purpose, 2 gm. of 
natural hydroxyaminobutyrie acid were dissolved in 20 ce. of 
water and treated with 4.9 gm. of barium nitrite monohydrate 
dissolved in 30 ec. of water. The solution was cooled in an ice 
bath. A slight excess of N sulfurie acid was added dropwise over 
a period of 30 minutes. After quantitative removal of the barium 
and sulfate ions, the solution was evaporated to a syrup in vacuo, 
Absolute alcohol was added twice and removed, and the product 


— 
| 
| 
| 


726 a-Amino-8-Hydroxybutyrie Acid 


was finally dissolved in 3 cc. of the same solvent. It is well known 
that nitrous acid does not induce a Walden inversion, and that a 
hydroxy acid so formed has the configuration characteristic of 
the amino acid from which it is derived (ef. Levene (1926)). 
Attempts were made to erystallize the dihydroxy acid; but 
these efforts were unsuccessful because of the extreme solubility 
and the relatively small amount of the compound which was 
available. Therefore, the phenylhydrazide was prepared by add- 
ing 2.5 gm. of phenylhydrazine to the alcoholic solution of the 
dihydroxy acid (3 cc.) and heating the mixture for 30 minutes at 
75° (ef. Glattfeld and Woodruff (1927)). Upon standing over- 


Tasie | 
Phe ydrazides of Dh ydroxruybulyric Acids 
Phenythydrazide of Melting 
ser 
Dihydroxy acid from natural amine acid 12.40 
3 (-Threodihydroxy acid (Glattfeld) > Sl 
dl-Threodihvdroxy (reerystallized mix- 1205 12 42 
ture of Samples 3 and 4) 
6 acid (Glattfeld) 1s 
7 Equal quantities of Samples and 3 (for 


mixed m. p.) 
* Theoretical N for CyoHyN is 12.28 per cent 
t Glattfeld and Woodruff (1927) report a melting point of 120.5° for the 
phenvlhydrazide of acid. 


night in a refrigerator, crystals were obtained. These were re- 
crystallized three times from the minimum amounts of absolute 
aleohol. 

In a similar fashion, the phenylhydrazides of d- and /-threodi- 
hydroxybutyrie acids, dl-erythrodihydroxybutyric acid,’ and the 
dil-dihydroxy acid derived from di-hydroxyaminobutyrie acid?® 


* Professor J. W. Ek. Glattfeld of the University of Chicago kindly 
furnished the samples of d- and l-threo- and dl-erythrodihyvdroxy butyric 
acids. Itisa pleasure to acknowledge our indebtedness to Professor Glatt- 
feld for his cordial cooperation. The prefixes d- and l- as used with the 
threo acids denote the direction of rotation, and not the series to which 


the compounds belong. 
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were prepared. In addition, equal amounts of the phenylhy- 
drazides of d- and /-threodihydroxybutyric acids were reerystal- 
lized together, thereby providing a racemic preparation. Henee, 
six phenylhydrazides were available for comparison. The melt- 
ing points and analytical data are presented in Table IL, and demon- 
strate that natural hydroxvaminobutyrie acid yields a dihydroxy 
acid whose phenvlhydrazide is identical with the like derivative 
of one of the active (d- or L-) threodihydroxybutyrie acids. Fur- 
thermore, the synthetic amino acid, consisting of the natural 
product and its enantiomorph, yields a dihydroxy acid whose 
phenvihydrazide is identical with that of d/-threodihydroxybut y- 
ric acid. The phenvihydrazide of the latter is a racemic compound 
rather than a racemic mixture, inasmuch as its melting point is 
higher than that of its components. Oddly enough, the phenyl 
hydrazides of the d- and Lthreo acids and of the d-erythro acid 
melt within the same range. 

The fact that nitrous acid transforms natural hydroxyamino- 
butvriec acid into a threodihydroxybutyrie acid establishes the 
spatial configuration of the amino acid; for, as stated above, it 
has been shown repeatedly in this laboratory that reduction of the 
hyvdroxvamino acid yields L(+ )-a-aminobutyrie acid. The only 
confiquration which can account for these findings ts that shown in 
Formula II. Thus the observations upon the dihydroxy acids 
are in complete accord with the data obtained by the degradation 
of the amino acid with chloramine-T. Jt ts proposed that hence- 
forth natural a-amino-B-hydrory-n-butyric acid be known as d(—)- 
threonine,’ inasmuch as it possesses a spatial configuration anal- 
ogous to that of d(—)-threose (Formula IID). 


CHO 
Ho H 
H—C—OH 


d( —)-Threose 


' The d here refers, of course, to the series just as it does in the classifiea- 
tion of sugars. With equal propriety the amino acid could be known as 
D( — )-threonine. 
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The above deduction concerning the spatial structure of threo- 
nine, as determined by its relation to threodihydroxybutyric acid, 
obviously does not necessitate previous knowledge as to the con- 
figuration of the dihydroxy acid. Having first established the 
relative positions of the groups attached to the a-carbon atom of 
the amino acid, the configuration of the Pe] position of the latter 
follows inevitably from the fact that a threodihydroxybutyric 
acid was obtained. On the other hand, our observations provide 
important information regarding the spatial st ructure of the iso- 
mene threodihydroxy acids. Braun (1930) demonstrated the 
relation of d/-threo- and dl-erythrodihydroxybutyric acids to the 
tartaric acids; and Glattfeld and Chittum (1933) accomplished 
the resolution of the threo acids. But the series to which each of 
the latter belongs appears not to have been established. 

In order to obtain information of this sort, comparisons of the 
specific rotations of the threo acid phenylhydrazides were under- 
taken. The results demonstrate that the phenvihyvdrazide of 
the dihydroxy acid derived from threonine and the phenylhydra- 
zine of Glattfeld’s (-threodihydroxybutyric acid are identical. 
The specific rotations (in aqueous solution) are shown below. 


Phenythydrazide of Dihydrorybutyric Acid Derived from d(—)-Threo- 


nine 


— 1.07 
2 (O89 5) 


Phe nuythydrande of 1-Th reodth ydrorybutyric Acid (Glattfe ld) 


— OL 
= = 1.25 


Thus the dihydroxy acid which is lererotatory, and vields a 


levorotatory phenylhydrazide, is d(— )-threodihydroxybutyric acid. 
Its enantiomorph is /(+ )-threodihydroxybutyric acid. 


SUMMARY) 


A study has been made of the spatial configuration of natural 


a-amino-8-hydroxy-n-butyric acid. ‘The results demonstrate that 


this constituent of proteins is an L-D compound analogous in strue- 
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ture to d(—)-threose. Because of this relationship, the amino 
acid has been named d(—)-threonine. 

It has been shown that the dertro- and levothreodihydroxy- 
butyric acids described in the literature are (+) and d(—) com- 
pounds, respectively. 
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AN IMPROVED METHOD FOR THE PREPARATION 
OF XYLULOSE AND RIBULOSE 


iy P. A. LEVENE ano R. STUART TIPSON 


(From the Laboratories of The Rockefeller Inatitute for Medical Research, 
New York) 


(Reeeived for publication, July 3, 1996) 


In 1927 it was discovered’ that glycerte aldehyde is transformed 
into dihydroxyacetone, to the extent of about 50 per cent, on 
treatment with boiling pyridine. On extending the reaction to 
glucose, the formation of fructose was observed,” and it was 
claimed that under these conditions the formation of the epimeric 
aldose does not take place. Similarly, by the action of boiling 
pyridine on d-xyvlose, there is obtained a ketopentose which has 
been variously designated as d-xyloketose,’ threo-2-ketopentose,* 
and, erroneously, as arabinulose.* For simplicity it would seem 
desirable to term the ketose “d-xylulose,”” in conformity with the 
nomenclature accepted for other keto sugars. 

In the same way, /-xylulose has been prepared® from Lxylose 
(and found to be identical with the ketose isolated by Levene and 
La Forge® from urine in cases of pentosuria), and the formation of 
and L-ribulose? from d- and /-arabinose respectively has been 
demonstrated. d-Ribulose was identified as its o-nitrophenylhy- 
drazone,* but the properties of the pure free keto sugars obtained 
by this method have not as vet been deseribed, though pure /- 
ribuloset has been prepared from ribitol. 


' Fiseher, H. O. L., Taube, C., and Baer, D., Ber. chem. Ges., @, 479 
(1027) 

? Danilov, S., Venus-Danilowa, E., and Sehantorovitach, P., Ber. chem. 
Ges, 63, 2260 (1940). 

'Sehmidt, O. T., and Treiber, R., Ber. chem. 1765 (19388). 

* Reichstein, T., Hele. chim. acta, 17, (1994). 

*von Vargha, L., Ber. chem. Ges., 6B, 18 (1935) 

* Levene, P. A., and La Forge, F. B., J. Biol. Chem., 18, 319 (1914). 

Sehmidt, O. T., and Heintz, KR... Ann. Chem... 616, 77 (1934). 

*CGlatthaar, (., and Reichstein, T., Hele. chim. acta, 18, SO (1935). 
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In the record of an attempt by Levene and Hill’ to study its 
mechanism, these authors state, “The reaction was followed by 
titration of the total sugar present by the Lehmann modification 
of the Fehling’s titration and the aldoses by Willstitter and 
Schudel’s hypoiodite titration as modified by Goebel. We were 
unable to detect any conversion of xylose to ketoxylose by this 
method.””’ It is now known that this was due to the ready re- 
action’ of xylulose with the hypoiodite reagent. Presumably 
owing to some misunderstanding, Schmidt and Heintz’ misinter- 
preted the above statement as indicating that Levene and Hill 
considered xylulose had not been formed. 

Contrary to the general statement of Danilov ef al.” Sehmidt 
and Heintz’ have observed the formation of d-lyxose concomi- 
tantly with the ketose from d-xylose. It was conjectured that the 
crude ribulose isolated from treatment of arabinose might well 
contain some ribose, though they were unable to demonstrate its 
presence, 

The present methods of isolating the ketopentoses are slow and, 
if desired in large quantities, are also costly, since they involve the 
use of substituted phenylhydrazines, resulting m relatively poor 
yields of product. With the object of rendering xylulose readily 
available for both biological and chemical study, we have de- 
veloped a quick and cheap method for the isolation of this sugar. 
The method consists in separating the sugars contained in the 
crude reaction mixture by condensing with acetone. 

Provided that the reaction is permitted to proceed to comple- 
tion, the crude product consists of three substances, the acetone 
derivatives of xylose, lyxose, and xylulose. It was known that 
xylose forms a diacetone derivative," xylulose a monoacetone 
compound,'' and lyxose has now been found likewise to form a 
monoacetone derivative. The monoacetone derivatives may be 
separated from the diacetone xylose by fractional distillation. 


* Levene, P. A., and Hill, D. W., J. Biol. Chem., 108, 563 (1933). 

'° The italies are ours. 

" Freudenberg, K., and Svanberg, O., Ber. chem. Ges., 66, 3239 (1922) 
'? Svanberg, O., and Sjoberg, K., Ber. chem. Ges., 6, S63 (1923) 

Levene, P. A., and Raymond, A. L., J. Biol. Chem., 102, 317 (1933). 

' Levene, P. A., and Tipson, R.3S., J. Brol. Chem., 106, 603 (1934). 
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The monoacetone xylulose is separable from that of lyxose by vir- 
tue of its crystallizing properties. 

Ribose yields monoacetone ribose together with a little of its 
anhydride,” whereas arabinose'® and ribuloset give diacetone 
derivatives and the monoacetone derivative may be separated 
from the diacetone compounds by fractional distillation. 

Sinee the properties of certain of these compounds had been 
inadequately described, it was found necessary to repeat their 


Taste | 
Some Properties of lsopropylidene Pentoses 


| 
Substance | Mp. (in acetone) 
mm. | sub- 
stance 
| degrees 
Diacetone d-xvlose | 1 4587 +195 
Monoacetone d-lyxose, (110) 79-80 | +260 
Nonoacetone d-xvlulose.. 4672 70-71* +17 
Diacetone l-arabinose ..| 70 | 1.4520 42 +01 
Anhydromonoacetone | | | 
d-nibose 1 4585 7 
Monoacetone d-ribose 108 4684) (Only obtained | —27.4 (For typi- 
| | ss syrup, cal material, 
mixture of@ varies ac- 


and 8forms?) cording to 
_-proportions 
| of @ and 8 


| | form present) 


* Previously reported as 50-52° (Levene, P. A., and Tipson, R. 8., 
J. Biol. Chem., 106, 603 (1934)). 


preparation in order to study such properties as would be of value 
in the present investigation. The results, most of which appear 
to be new, are given in Table I. From Table Lit is seen that when 
an acetone derivative of a pentose is obtained in erystalline form, 
observation of the refractive index and the specific rotation (to- 


% Levene, P. A., and Stiller, E. T., J. Biol. Chem., 103, 187 (1933). 
Fischer, E., Ber. chem. Ges., 2, 1163 (1895). 
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gether with the elementary composition) suffices to give a reliable 
indication of the nature of the constituent pentose. If the 
material is not obtained crystalline, however, such observations do 
not yield precise information, especially since the possibility is not 
excluded that the monoacetone derivatives of lyxose and ribose 
may exist in both a and 8 modifications, thus rendering the value 
of the specific rotation (in acetone) deceptive. 


Tape Il 


Specific Rotations (in Water )of Pentoses and Their lsopropylidene Derivatives 


bree sugar 


Pen tose Diacetone derivative Vonoacetone derivative 

brium 

dé ele fe 

d-Xylose +13" 

d-Nyvlulose 65 
d-Lyxose +18 7 (Final) 4 

/-Arabinose +54 +128 8S (For com- +105! 


pound + SET 


acetone )) 

Anhvdro-d-ribose 4 

d-Ribose 12 5 (Final) 19tt 


* Levene, P. A., and Raymond, A. L., J. Biol. Chem., 102, 317 (1933). 
t Svanberg, O., and Sjoberg, K., Ber. chem. Ges., 6, 863 (1925) 
t Hudsem, (. S., and Yanow sky, E.. J. Am. Chem. Soc., 99, 1013 (1917). 
Schmidt, T., and Treiber, R., Ber. chem. Gee., 1765 (1983), 
Ruff, O., and Ollendorff, G., Ber. chem. Ges., 33, 1708 (1000). 
© Fischer, E., Ber. chem. Ges., 2B, 1163 (1895). 
** Ohle, H., and Behrend, G., Ber. chem. Ges., @, S10 (1927). 
tt Reichstein, T., Helv. chim. acta, 17, 996 (1954). 
tt Levene, P. A., and Jacobs, W. A., Ber. chem. Ges., 42, 2460 (1009). 


When, however, the course of hydrolysis of such material is 
followed by observation of the change in specific rotation, further 
insight is gained into its composition. For convenience, the 
specific rotations (in water) of the pentoses and their acetone deriv- 
atives are presented in Table IT, 

It may be mentioned that the yield of pure recrystallized mono- 
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acetone xylulose actually isolated amounted to some 18 per cent!’ 
(by weight) of the crude mixture of acetone compounds. The 
method does not seem appropriate for the preparation of lyxose 
without further modification, although the presence of some 14 
per cent of monoacetone lyxose in the erude acetone compound 
mixture was revealed by the hydrolysis data and crystalline lyxose 
p-bromophenylhydrazone was actually isolated. 

Similarly, the method may be applied to the preparation of 
ribulose from arabinose but does not seem advantageous for the 
preparation of ribose. The yield of diacetone mbulose amounted 
to some 28 per cent’? (by weight) of the crude mixture of acetone 


compounds, 


EXPERIMENTAL 
Recrystallization of Pentoses 


d-Nylose 10 gm. were dissolved in 100 ec. of boiling 95 per cent 
ethyl aleohol and the solution cooled. Mop. 143°; lal]? = +19.2° 
(equilibrated in H,©). 

d-Lyrose 10 gm. were dissolved in 50 ce. of boiling absolute 
ethyl aleohol and the solution was cooled. M.p. 101°; fal? = 
—14.3° (equilibrated in H,O). 

l-Arabinose 10 gm. were dissolved in 200 ce, of boiling 95 per 
cent ethyl aleohol and the solution was cooled. Mp. 156°; [a)* 
= + 104° (equilibrated inh 

d-Ribose “This was reerystallized from the minimum of absolute 
ethyl aleohol. 85°; [a]? = —19.3° (equilibrated in H,O). 


(Condensation of Pentoses with Acetone 


The method of condensing the various pentoses with acetone 
Was in every case identical, in order to obtain comparable results, 

10 gm. of dry, finely powdered, reerystallized sugar were shaken 
at room temperature (25°) with a mixture of 20 gm. of anhydrous 
copper sulfate, 200 ce. of acetone (analytical reagent, except for 


lyxose and ribose, in which cases “acetone from bisulfite” was 


\' These vields are minimum rather than the maximum possibly obtain- 
able, since more material could be isolated by refractionation of impure 


fractions. 


| 
| 


736 Preparation of Xylulose and Ribulose 


employed), and 0.2 ec. of concentrated sulfuric acid until all the 
sugar bad dissolved (approximately 48 hours). The mixture was 
now filtered and the product isolated as described for monoacetone 
uridine,’ giving a colorless or very pale yellow syrup which was 
dissolved in dry ether and freed from a trace of insoluble material 
by filtration. 

The rapid method for condensation of sugars with acetone, 
which was recently introduced by Bell,'® is not recommended for 
use with the rarer pentoses, owing to the poor yield (70 per cent), 

Purification of the crude acetone compound by dissolution in 
dry ether and filtration should never be omitted; xylose, for in- 
stance, is sufficiently soluble in diacetone xylose to be present in 
the crude product when the condensation with acetone has not 
been permitted to proceed to completion. The xylose is mainly 
precipitated by the addition of dry ether and the rest is left as a 
still residue on distillation under a high vacuum. 

Pure Monoaceton d-X ylulose This was prepared is Pres lously 
deser:ved™ and recrystallized as desenbed later. By reerystal- 
lization the melting point was raised from 50 52° to 70 71° and 
the purified substance was not hygroscopic, In the superfused 
state it had n2 = 1.4672 and the erystals displayed the following 
specific rotations. 

= +17 (in acetone) 
2X 4.10) 


la), = = —6<.5° (in water, unchanged in presence of trace 


2X 2.004 of oxalic acid or ammonia) 
4.190 mg. substance: 7.730 mg. CO, and 2.780 mg. HAD 


C.H,©s Caleulated. C 30.50, H 7.4 
Found. 


Experiments with pure d-lyrose revealed that, on condensation 
with acetone, this sugar gives a monoacetone derivative as was 
predicted by Levene and Stiller’ on theoretical grounds. It is of 
interest that this substance shows a pronounced tendency to 
undergo autocondensation on heating, thus resembling the pre- 
sumably structurally related trimethyl lyxofuranose*" Use of 


1* Levene, P. A., and Tipson, R.S., J. Biol. Chem., 106, 115 (1954) 
Bell, D. J. Chem. Soc., 1874 (1935) 
20 Bott, H.G., Hirst, E. L., and Smith, J. A. B., J. Chem. Soe., 658 (1990). 


| 
| 


P.A Levene and R. 3. Tipson 737 


this property was made im the partial separation of lyxose from 
xylose ane XViulose. 

Pure Monoacetone d-Lysose"— This was prepared as above and 
was isolated as a colorless syrup which rapidly erystallized to an 
almost solid mass. It was reerystallized by dissolving in the 
minimum of dry ether, adding pentane to faint opalescence, nu- 
cleating, and allowing to stand in the refrigerator overnight. The 
recrystallized substance, which was not hygroscopic, had a melt- 
ing point of 79 SO°, n> = 1.4724 (in the superfused state), and the 
following specific rotations. 


+1.10° 


* 26.0 Cin acetone) 
2X 2.118 


lal, = +187 (in water, after adding | drop coneen- 
mis 
trated ammonia) 


5.192 me. substance: 0600 me. CO, and 3.4950 mg. 


Caleulated. © 3.50, H 74 
Found. 


The substance may be distilled in a high vacuum only if the dis- 
tillation be rapid. With slow distillation it undergoes change to a 
substance of higher boiling point than that of a monoacetone pen- 
tose and, on cooling, solidifies to a hard, pale vellow glass in the 
distilling flask. This glassy product had the following specific 
rotation. 

»  +3.21° x 100 


= = +73.6 (in acetone) 
2.182 


Hydrolysis of Acetone Derivatives of Pentoses 


Monoacetone Nylulose Preliminary experiments disclosed that, 
as with fructose, the use of mineral acids leads to considerable 
decomposition of the ketose. Reeourse was therefore had to 
oxalic acid®@ as hydrolyst. The concentration of acid finally 


Some preliminary experiments on the preparation of acetone Ixvose 
were performed in this laboratory by Dr. 1. E. Muskat, under the direetion 
of the senior author of the present communication. 

Dull, G., Chem.-Zig., 19, 166, 216 (1895) Hibbert, H.. Tipsen, & 
and Brauns, F., Canad. J. Research, 4, 221 (1931). Hibbert, H., and 
Percival, E.G. V., J. Am. Chem. Soe., 68, 3995 (1990). 
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selected was 0.2 N, as the hydrolysis proceeds too slowly with 0.1 
N aqueous oxalic acid. 

A solution (approximately 2 per cent) of the recrystallized ace- 
tone compound in 0.2 N oxalic acid was prepared ({a]2’ = —6.2°), 
and 8 ec. portions of this solution were placed in tubes which were 
then sealed and heated in a water bath maintaimed at 65°. After 
the elapse of various intervals of time a tube was removed, rapidly 
cooled in ice to room temperature, and the specific rotation ob- 
served. The results are given in Fig. 1. 

After 2 hours at 65° the substance was only hydrolyzed to the 


Rates of hydrolysis at 65° 


100} 
90 
BOl- 
10 
60 
50 
40 
onoacetone xylulose 

30 o- ° xylose 
20 
10 


Time in hours 
Fic. 1 


extent of 52 per cent and 8 hours were required for complete hy- 
drolysis, the solution then having fa]? = —33.2° (calculated as 
pentose). The isolation of the sugar is described later. 

Diacetone Nylose-——-At room temperature (25°) the hydrolysis 
of a 2.422 per cent solution of dry, reerystallized diacetone xylose 
in 0.2 N aqueous oxalic acid had proceeded quantitatively to the 
stage of monoacetone xylose after 40 minutes. No further meas- 
urable hydrolysis had occurred after an additional 5 hours at 
room temperature, but after 24 hours a definite hydrolysis to xylose 
(to the extent of some 25 per cent) was observable. 


0 
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When the reaction was performed at 65°, hydrolysis had pro- 
ceeded quantitatively to xylose after 2 hours (see Fig. 1). 

Monoacetone Ribose and Monoacetone Lyxose —Under identical 
conditions, the rates of hydrolysis of monoacetone ribose and 
monoacetone lyxose were practically the same as for monoacetone 
xylose. 

Diacetone Aratinose ~The hydrolysis of diacetone arabinose ts 
of interest since at 65° it proceeds at approximately the same rate 
as for the monoacetone derivatives of the other aldopentoses. No 
appreciable formation of monoacetone arabinose could be detected 
by observation of the change in specific rotation during hydrolysis 
and the reaction appeared to proceed directly from the diacetone 
derivative to free arabinose.” This result may, however, be 
deceptive. 

Application of Hydrolysis Results —1t thus becomes a simple 
matter to detect the presence of even a trace of diacetone xylose in 
monoacetone xylulose or monoacetone lyxose. If the specific 
rotation (of a solution in 0.2 N oxalic acid) changes in the negative 
direction during 40 minutes at room temperature, diacetone xylose 
was present. Similarly, if there is a change in the negative diree- 
tion between samples heated at 65° for 2 and 8 hours, monoacetone 
xylulose is present. 


Analysis of Crude Nylulose Fraction (Through Acetone Compounds) 


75 gm. of dry, finely powdered d-xylose were treated with 750 
ec. of dry pyridine in the usual manner”. The product was dis- 
solved in 150 ce. of 95 per cent ethyl alcohol and the solution kept 
in the refrigerator overnight, giving 48.5 gm. of unchanged erystal- 
line xylose. Further removal of xylose by treatment of the aleo- 
holie solution with dry ether was omitted, since this is slow and is 
unnecessary when the following method of purification is em- 
ploved. 

25.5 gm. of colorless, crude xylulose syrup were condensed with 
acetone (analytical reagent) by the general method already de- 
scribed. The final ether solution obtained was evaporated to a 
colorless or very pale yellow syrup (yield, 27 gm.) which was 


Svanberg, O., and Bergmann, 8S. W., Ark. Kemi, Mineral. o. Geol., 9, 
No. 3, 1 (1923). 
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fractionated by distillation under a high vacuum. The fractions 
obtained are deseribed in Table ITIL. 

Fraction 1 (Table IIL) had a composition corresponding approxi- 
mately to that of a diacetone pentose, and will be referred to as the 
diacetone fraction. It erystallized to a considerable extent on 
nucleation with pure diacetone xylose. 

Fractions 2 and 3 (Table IID) had compositions corresponding 
approximately to that of a monoacetone pentose, and will be 
referred to as the monoacetone fraction. 

Examination of Diacetone Fraction The diacetone fraction 
contained, besides diacetone xylose, a small proportion of a sub- 
stance having a lower refractive index and a negative specific 
rotation (in acetone), which has not vet been identified. After 
removal of the first crop of diacetone xylose, the syrupy mother 
liquor (78 gm., from several experiments) was distilled in a high 
vacuum, giving 1.6 em. of a first fraction boiling at 41.5 49° at 
0.1 mm. (bath temperature, 48-55°) and having n? = 1.4414 and 


lal? = —47.8° (in acetone). Its composition agreed with that of 

a diacetone pentose, A 2 per cent solution in 0.2 N oxalic acid had 

lal’ = —45.5°, which remained unchanged during 40 minutes at 


room temperature, indicating the absence of any appreciable 
amount of diacetone xylose. On heating at 65° it had lal” = () 
(2 hours), changing to —3.7° (S hours). The solution was now 
strongly reducing to boiling Fehling’s solution. 

Examination of Monoacetone Fraction —Fractions 2 and 3 
(Table IIT) both erystallized to a considerable extent when nu- 
cleated with a crystal of pure monoacetone xylulose™ prepared from 
xvlulose regenerated from the p-bromophenylhydrazone. 

But little variation was observable in the properties of the 
second and third fractions obtained in a number of different ex- 
periments. The properties of some of the monoacetone fractions 
obtained are recorded in Table IV. In each case the material 
was sufficiently pure to crystallize on nucleation with authentic 
monoacetone xylulose. 

Monoacetone Nylulose —A total of 55 gm. of such material, ob- 
tained by combining the monoacetone fractions from several ex- 
periments, was purified once by distillation under a high vacuum. 
The main fraction (45 gm.) boiling at 1L0-11S° at O.1 mm. (bath 
temperature, 113-126°) was collected as a colorless syrup having 
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ne = 1.4666 and lal? = +2.5° (in acetone). It was nucleated 
with monoacetone xylulose and the erystalline mass separated 
from adhering syrup by trituration with the minimum volume of 
dry ether. The slightly sticky erystals (26 gm.+) were filtered 
off and recrystallized in the following way. 

10 gm. of the slightly impure erystals were dissolved in the 
minimum (about 50 ce.) of dry ether at room temperature (or with 


Tate Ill 
Fractionation of Acetone-Pentose Mixture 
| Temperature | 
Hath 33 in 
Fraction No temperature | | Weight (in 
«85-100 87 12.0 14572 | +63 
2 «292-120 «105-111 5.0 1 4665 +27 
4 120-130 | | 56 | 4088 +34 
Still residue (Dark brown glass, | 4.3 
soluble in acetone) | 


Taste IV 
Properties of Some Monoacetone Fractions 


| degrees 
1 4001 +3.1 
1 46890 +3. 1 
| 4675 | +26 
402 +3 6 
| 4689 | +37 
1 4654 +34 
| 4678 +3.6 


gentle warming); the solution was nucleated with a erystal of 
monoacetone xvlulose and then allowed to stand in the refrigerator. 
The product rapidly crystallized (in erystals several em. long). 
A further crop was obtained by addition of pentane (40 ce.) to 
faint opalescence and again standing in the refrigerator, The 
total vield of reerystallized matenal was 8 gm. The pure sub- 
stance, which was not hygroscopic, had a melting point of 70-71°, 
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n> = 1.4671 (superfused substance), and the following specific 


rotation. 
+0.13° 100 


= +1.6° Cin acetone) 


Its composition was as follows: 


4.014 mg. substance: 7.405 mg. CO, and 2.680 mg. HA) 
CH Os. Caleulated. 50.50, H 74 
Found. 7S 
On admixture with an authentic specimen of monoacetone 
xylulose (m.p. 70 71°) the melting point remained unaltered. 


Taste V 
Fractionation of Vonoace fone Vat rial Partial Me moval of 
Monoacetone X ylulose 


From hwdrolys.- 


data 
Bath 23 [a]; 
Fraction No tem per- Py Wewht ‘ \= Mone 
remo ure tone 
ature ace tot acetone 
il mm | 
| 
imate mate 
gm degrees per cent jer te 
10] 4 5.3 1 4625 +4 5 34 
2 102-108 5 95-102. 5 7.9 1 4672 +19 
3 108-107 10 6 14685 +4 5 7H 
0-140 110-126 3.2 14711 +7 5 
Still residue Dark brown gum 2% 


Hydrolysis of Crystalline Monoacetone Nylulose—-2 gm. of dry, 
recrystallized monoacetone xylulose and 0.9 gm. of anhydrous 
oxalic acid were dissolved in water and the solution diluted to 100 
ec. with water. The solution was then heated at 65° during 
8 hours, 

Finely powdered calcium carbonate was now added, with shak- 
ing, until the solution was neutral to Congo red, the mixture 
filtered, and the calcium salts well washed with distilled water. 
The filtrate and washings were combined and evaporated to a 
colorless syrup which was extracted several times with absolute 
ethyl aleohol. A trace of insoluble material was filtered off and 


| 
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the filtrate was evaporated to dryness under diminished pressure. 
Two portions of benzene were added and evaporated off, giving a 
colorless syrup (yield, 1.5 gm.) having the specific rotation given 
previously. 

Monoacetone Lyzxose--The syrupy mother liquor from the 
crystalline monoacetone xylulose was now examined. <A total of 
20.8 gm. of such material was fractionated by distillation under a 
high vacuum, the results being given in Table V. After complete 
hydrolysis with 0.2 N oxalie acid at 65°, a sample of Fraction 4 had 
lal = —14.7° (caleulated as pentose) and therefore appeared to 
be almost pure monoacetone lyxose. This was verified as follows: 
lgm. of the material was dissolved in 0.2 \ oxalic acid, the solution 
diluted to 50 ce. with 0.2 .N oxalie acid, and the specifie rotation 
observed immediately. The solution was now heated at 65° over- 
night. On cooling, it had fa]/” = —14° (calculated as pentose). 
The sugar was isolated as deseribed for xylulose from crystalline 
xVlulose. 

The colorless syrup was now dissolved in absolute methyl aleohol 
and a solution of p-bromophenylhydrazine (the caleulated weight) 
in absolute methyl aleohol was added. The p-bromophenylhy- 
drazone commenced crystallizing immediately, but, to insure 
complete reaction, the solution was heated on the steam bath for 
a few minutes. On cooling, the mixture set to a solid mass of 
colorless crystals which, after one reerystallization from boiling 
water, had a melting poimt of 155-157° and the following compo- 
sition. 


41.505 mg. substance: 6.890 mg. CO, and 1.910 mg. H,O 
: O.571 ee. Ny (757 mm. at 26°) 
§.875 3.200 mg. Aghr 
(*H,O.N.Br. Caleulated. C 41.37, H 4.7, N 8.78, Br 25.05 
Found. 


It had the following specifie rotation 


+072 * 100 = +345° (in dry pyridine, 5 minutes after ad- 


lal, = 
2» 1.04 mixture) 


changing to + 14.8° (24 hours) and +10.0° (115, 139, and 165 
hours) at room temperature. Had the material been the p-bromo- 
phenylhydrazone of either d-xylose or d-xylulose, the final specific 
rotation would have been negative. 
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The values are in good agreement with those given by Levene 
and La Forge* for d-lyxose p-bromophenylhydrazone in pyridine; 
namely, [a] = +31.8° (10 minutes) changing to +7.8° (24 hours). 
(These figures are both approximations, slightly low in value, 
since Levene and La Forge expressed their concentration in gm. 
per 10 ec. of solvent instead of gm. per 10 ec. of solution. ) 


Action of Pyridine on l-Arabinose 


75 gm. of dry, finely powdered /-arabinose (recrystallized from 
95 per cent ethyl aleohol) were added to 750 ce. of dry pyridine, 
After standing overnight at room temperature with exelusion of 


VI 


Fractionation of Acetone-Pentose Mixture 


q's 


| Temper- 
Kath found 
Fraction No temper- Weight = 
sure | 0lmm.) Carbon Hvydro- 
| °C ay gr degrees percent per cent 
ti) 59-61 59 1.4420, +§4.5 58.17 8.3 
2 66-70 | 53-61) 2.7 1.4447; +71.5 57.24 8.2 
3 67-68 | 58 | 3.2 | 1.4472) +48.6 57.49 | 7.7 
4 69-83 53-63) 2.4 | 1.4512) +197 8O 
5 91-100 | 69-88 O5 | 14561) +128 5766) 85 
6 LIS-128 108-111 | 5.2 | 1.4663 +12 8 51.55 |) 7.6 
Still residue.....| Light brown | 3.4 | 
glass, soluble | | | 
in acetone | 


atmospheric moisture all the sugar had not dissolved. The mix- 
ture was now heated on the boiling water bath until most of the 
sugar had dissolved and was then boiled gently for 4 hours under a 
reflux condenser. 

The pyridine was then removed as described for the preparation 
of crude xylulose,’® giving a thick syrup which was allowed to stand 
overnight at room temperature. Much of the unchanged arali- 
nose had now crystallized out. The mixture was triturated with 
absolute ethyl alcohol, the colorless crystals filtered off, washed 
with a little absolute ethyl aleohol and then dry ether, and dried. 
Weight, 36 gm. 
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The mother liquor and washings were united and evaporated 
under diminished pressure to a thick gum weighing about 39 gm. 
This was again allowed to stand overnight at room temperature, 
whereupon a further crop of l-arabinose (19 gm.) was obtained. 

The mother liquor and washings were united and evaporated to 
a thick gum weighing about 20 gm. and having [a]®> = +38° (in 
water). This was condensed with acetone (from the bisulfite com- 
pound) in the usual way, giving 24.5 gm. of a pale yellow syrup 
which was dissolved in dry ether and a trace of insoluble material 
filtered off. “The filtrate was evaporated to dryness and the product 
fractionally distilled in a high vacuum. The fractions obtained 
are described in Table VI. 


Taste VII 
Hydrolysrs of “Acetone Ribulose’” Fractions (0.2 ~ Oxalic Acid Solution) 


Fraction No cal ‘after S hrs at 65°) 

degree ‘ degrees 
+51 +25 
2 +20 
3 +51 | +39 
i 22 +45 
+16 +37 
+11 | +25 


iach of the first five fractions had a refractive index and ele- 
mentary composition showing it to be largely diacetone pentose, 
Whereas Fraction 6 was largely monoacetone pentose. Fraction 4 
erystallized to a considerable extent on nucleation with a trace of 
ervstalline diacetone l-arabinose. 

The composition of the different fractions was now investigated 
by hydrolyzing samples with 0.2 N oxalic acid at 65° (see Table 
VIT). In this way it was shown that, passing from Fraction 1 to 
Fraction 4, the proportion of diacetone /-ribulose diminished while 
the proportion of diaeetone /-arabinose increased to a maximum; 
then the proportion of diacetone l-arabinose decreased and Fraetion 
fh was a fairly pure specimen of monoacetone (ribose. It is pos- 
sible that the anhvdromonoacetone /-ribose was in Fraction 4, 
judging from the elementary composition and the hydrolysis 
data. 
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Examination of Monoacetone Fraction 


1 gm. of material from Fraction 6 was hydrolyzed with 0.2 ~ 
oxalic acid solution exactly as deseribed for the hydrolysis of mono- 
acetone xylulose and the free sugar isolated as a pale yellow syrup. 
Weight 0.7 gm. This was condensed with p-bromophenylhy- 
drazine (0.9 gm.) in absolute methyl aleohol and the produet 
isolated as described for the corresponding lyxose derivative. A 
first small crop of crystals proved to be /-arabinose p-bromophenyl- 
hvydrazone having a melting point of 165° and the following 
specific rotation, 

+0.19° X 100 


= (in absolute ethyl alechol) 


A second crop of crystalline material had 


» +0.34° & 100 
= +16.2° (in dry pyridine, minutes after disse- 


* vat 
2 
lution) 


and was therefore almost pure /-ribose p-bromophenylhydrazone. 
d-Ribose p-Bromophenylhydrazone— Reerystallized from water, 
d-ribose p-bromophenylhydrazone had a melting point of 14 
165° when heated at a normal rate. Absolute ethyl aleohol is not 
an appropriate solvent for determination of its specnfie rotation, 
since to obtain a 1 per cent solution it is necessary to heat the 
hydrazone with the alcohol. Such a solution then showed 


+0.23° 100 
lal, = 2% 1.120 = +10.3° (in absolute ethyl alechol) 
¢A 


It was readily soluble in dry pyridine, the solution having 


—0.20° 100 | 

lal, = = —190.3° (© minutes after dissolution) 

1.008 
changing to —6.0° (20 hours), +1.0° (48.5 hours), and +2.0° 
(67.5 hours). 

l-Ribose p-Bromophenylhydrazone authentic sample of 
l-ribose p-bromophenylhydrazone,** having a melting point of 

164- 165°, had the following specific rotation in dry pyridine. 


* Kindly presented to us by Dr. F. L. Humoltler. 
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+038" 100 


= +21.9° (5 minutes after dissolution) 
2x 


= 


Examination of Diacetone Fraction 


Isolation of Crystalline Diacetone l-Ribulose—-Five portions (75 
gm. each) of Larabinose, treated with pyridine in the usual way, 
gave a total of some 100 gm. of crude ribulose, which was con- 
densed with acetone and the product fractionated to give 81 gm. of 
diacetone pentose fraction. This was redistilled in order to re- 
move the major portion of the diacetone arabinose. 

The crude diacetone ribulose so obtained (53 gm., having 
n> = 1.4445 and [a]? = +68.3° (in acetone)) was fractionated 
under a high vacuum, giving a main fraction (35 gm.), boiling at 
55° at O.l mm. (bath temperature, 59°), of a very mobile liquid 
which was sufficiently pure (about 90 per cent) to erystallize to a 
considerable extent after having been cooled to a very thick oil 
(in a bath of solid carbon dioxide-chloroform) and then allowed 
to stand in the refrigerator at +2°. A sample of the material 
had n@ = 1.4422 and [a]®? = +94.6° (in acetone). 

bor final purification a portion of the erystalline material was 
freed from adhering syrup by filtering through a sintered glass 
funnel cooled in ice-aleohol. The dry erystals so obtained had a 
melting point of +5° and 

+2.27° X 100 


« 
lp = +1055 (in acetone) 
tal 2X 1.076 — 


A portion (6 gm.) of impure diacetone ribulose having [a]?’ = 
+94. (in acetone) was hydrolyzed with 0.2 N oxalic acid in the 
usual manner (the acetone compound dissolving slowly on shaking 
at 65°), giving 3.8 gm. of syrupy sugar from which a small amount 
of l-arabinose crystallized on stirring with a little absolute ethyl 
aleohol. The residual svrupy -nbulose had, after drying, the 
following specific rotation, 


ay +166 (final in water) 
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THE EFFECT OF DINITROPHENOL ON THE METAB- 
OLISM OF FROG MUSCLE 


by ETHEL RONZONI ann ELLEN FHRENFEST 


(From the Laboratory of Biological Chemistry, Washington University School 
of Medicine, St. Louis, Missouri) 


(Reeeived for publication, June 20, 1936) 


The marked effeet of nitrophenols in accelerating the metab- 
olism of animals (Heymans and Bouckeart, 1928; Magne, Mayer, 
and Plantefol, 1931, 1932; van Utyvanck, 1931; von Euler, 1932; 
Cutting and Tainter, 1932) prompted a number of workers to 
investigate the action of these substances upon cell suspensions 
and upon animal tissue in eitro. In experiments reported briefly 
by us in 1933 (Ehrenfest and Ronzoni) it was found that the addi- 
tion of 2,4-dinitrophenol to the fluids in which cells or tissue was 
suspended caused an increase in the rate of oxygen absorption 
with various tissues of the frog (particularly marked in the case 
of muscle) and with yeast in the presence of glucose. These 
and similar observations reported about the same time by Field 
and coworkers (1933, 1934), Dodds and Greville (1934), and more 
recently by DeMeio and Barron (1934) and Krahl and Clowes 
(1935) indicated that the increased rate of metabolism of animals 
treated with nitrophenols is due to a direct and somewhat general 
action of these substances as stimulants of tissue oxidation. 

It seemed probable that an analysis of the mechanism of this 
action of 2,4-dinitrophenol on isolated cells and tissues would 
contribute to an understanding of the fundamental factors and 
steps involved in tissue respiration. With the object of learning 
what substrates are consumed in the increased metabolism and 
which of the various enzymatic activation factors are affeeted by 
the stimulant, we continued our study of the effect of 2,4-dinitro- 
phenol on the metabolism of yeast and frog musele, using the 
Warburg respirometers supplemented by chemical analysis. Our 
experiments with yeast will be reported in a later paper. Here 
we present our observations on frog muscle. 
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With intact frog muscle at 25° and with an approximately 
optimum concentration of 2,4-dinitrophenol (5 mg. per liter or 
2.7 X 10°° M) the oxygen consumption is increased to the extent 
of 6 to 10 times that of untreated resting muscle; these high levels 
of respiration, comparable to maximum levels attained by stimula- 
tion or treatment with caffeine, are maintained with little decline 
for as long as Shours. In the absence of oxygen 2 ,4-dinitrophenol 
produces an equally marked effect; the rate of lactic acid forma- 
tion is increased 6 to 8 times. Both the lactic acid formed and 
the oxygen consumed are substantially accounted for by the glyco- 
gen lost. As in untreated muscles, no lactic acid accumulates 
with 2,4-dinitrophenol when the oxygen tension is sufficiently 
high to eliminate diffusion as the limiting factor.’ 

In iodoacetate-poisoned muscles the acceleration in oxygen 
consumption caused by 2,4-dinitrophenol is slight and lasts only 
a short time. With the suppression of lactate formation in the 
absence of added substrate the effect of 2,4-dinitrophenol is 
abolished. If lactate is added, the increase in O, consumption 
on addition of 2,4-dinitrophenol is more marked, approaching 
the values for muscles not treated with iodoacetate. The high 
rate, however, is not maintained, and the O, consumption falls 
off in either case as the rigor becomes complete. 

Phosphocreatine hydrolysis is accelerated by 2,4-dinitrophenol 
both aerobically and anaerobically and is more rapid in iodoace- 
tate-treated muscles than in unpoisoned muscles. 

The chemical changes occurring in muscle under the action of 
2,4-dinitrophenol differ in one respect from those occurring in 
normal active muscle. During activity Cori and Cori (1982-33) 
have shown a marked accumulation of hexosemonophosphate. 
In 2,4-dinitrophenol-treated muscle there are only insignifieant 
changes in this ester, a fact also noted by Cort and Cori (1035). 

In neither resting nor active normal muscle is there a significant 
accumulation of intermediary products between glycogen and 
lactic acid unless hexosemonophosphate may be so considered. 
The limiting reaction of this chain must therefore either precede 


The results reported (Ehrenfest and Ronzoni, 1933) showing aerobic 
lactic acid production were due to the fact that O, diffusion was the limiting 
factor. Using thin sartorius muscles in an atmosphere of O, eliminates 
completely aerobic lactic acid formation. 
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or be the first reaction involving glycogen itself. Since 2,4- 
dinitrophenol does not increase either oxidation or lactie acid 
formation above that of active muscle, it is a sufficient explana- 
tion of its action to infer that it releases the limiting reaction to 
a rate at which it proceeds in active muscles. Oxidation of the 
mobilized carbohydrate then proceeds at a maximum rate, or in 
the absence of the normal mechanism of glycogen breakdown, as 
in iodoacetate-treated muscle, lactic acid may serve as substrate. 


Procedure and Methods 


After careful dissection and weighing, the museles of frogs 
(Rana pipiens) were soaked for 30 minutes in cold oxygenated 
Ringer's solution to allow recovery. Thereafter the muscles 
were transferred to flasks of the Warburg respiration apparatus. 
For measuring oxygen consumption the. flasks contained 2 ce. of 
phosphate-Ringer’s solution of the desired pH, with NaOH in 
the inset to absorb CO». The apparatus was filled with oxygen. 
For the anaerobie experiments the flasks contained 2 ce. of bi- 
carbonate-Ringer’s solution and were filled with a mixture of CO, 
in N. to give the desired pH on its equilibration with the solution. 
The 2.4-dinitrophenol solution (0.2 e¢.) was placed in the side 
arm of the vessel and added to the musele after gaseous equilibrium 
was established. The water bath was maintained at 25°. The 
rate of oxygen consumption is expressed in terms of ¢.mm. of O» 
per gm. of musele (wet weight) per hour. ¢ 

After the period of manometric measurement the muscles were 
removed from the flasks, immediately frozen with CO: snow, and 
ground in ice-cold 5 per cent trichloroacetic acid, to which the 
suspension fluid was added. The filtrate was analyzed for phos- 
phate fractions by the method of Fiske and Subbarow (1929) 
and for lactic acid by the microprocedure of Wendel (1933)2 For 
glycogen the Good, Kramer, and Somogyi (1933) modification of 
Pfliger’s method was used. Opposite muscles were used as 
controls in allexperiments. As a basis for interpretation of results 
of the chemical analyses a series of analyses was performed on 


?Some samples of trichloroacetic acid treated with copper-lime pre- 
liminary to lactic acid determination vield a high blank, which, when 
corrected for, does not interfere with the determination of known quanti- 
ties of lactic acid. 


| 


752 Metabolism of Frog Muscle 


opposite muscles treated alike. The order of variations found 
by separate analysis of pairs of opposite muscles is illustrated by 
the data of Table IL. 

Orygen Consumption The optimum concentration of 2,4- 
dinitrophenol for the increase of the Os consumption of frog muscle 
under conditions used in these experiments is between 5 and 7.5 
mg. per liter. A concentration of 10 mg. per liter caused less 
acceleration than 5 mg.; higher concentrations were not investi- 
gated. A concentration of 5 mg. per liter was adopted for use 
throughout these experiments. With this concentration of 2,4- 
dinitrophenol the rate of QO, consumption varied with different 


| 
Results Gn Ma. per 100 Gm, of Muscle) to Show Agreement of Values for 
Opposite Viuscli Both T re ated Alike 


Lactic acid Glycogen as glucose Phosphocreatine as P 
10 12 2231 70 71 
12 LS 120] 1321 73 | 70 


* Lactic acid after ISO minutes in N, + 2,4-dinitrophenol. 
t Summer frogs. All a@her determinations made on winter frogs. 
t lodoacetate-treated controls; 30 minutes in O,, 10 minutes in Ng. 


muscles between 500 and 750 e¢.2mm. per gm. of musele per hour 
(hig. 1, a), which is 6 to 10 times the rate for untreated resting 
muscle. The high rate was maintained after the first 20 minutes 
for approximately 3 hours, after which there was generally a 
decline, so that after 5 hours the rate was 4 to 6 times that of 
normal muscle, 

The variations in Os consumption of individual muscles may be 
related to the thickness of the muscles used and to consequent 
differences in the adequacy of the oxygen supply in the interior 
of the musele. This is indicated by the results shown in Table 
I]. Opposite museles both treated with 2,4-dinitrophenol were 
placed under identical conditions with the exception that one 
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was placed in O, and the other in air. After the oxygen consump- 
tion had been measured for 2 hours, the muscles were analyzed 
for lactic acid. It will be noted that even with thin sartorius 
muscles the Os» consumed is less in air than in oxygen, and that 
in air but not in O» lactic acid accumulates. With thicker museles 
a small amount of lactic acid accumulated even in oxygen.  In- 
adequate Os» supply does not account for all variations, since in 
muscles in which no lactie acid accumulation could be demon- 
strated the Os», consumption varied between 500 and 750 ¢.mm. 
per gm. per hour. 


Il 
Consumption and Lactic Acid Accumulation in Air and Oruqen during 
? Hours (per Gm. of Musele) 


th) consumption Lactic acid 
M uxele 

Tm oer Tm hy Im aor 

brates tis 1 tl 


The marked influence of pH on the stimulating action of 2,4- 
dinitrophenol on yeast (Field, Martin, and Field, 1933, 1934) is 
not observed in muscle. The rate of Oc consumption is increased 
at all pH values tested from 5.8 to 8.5, within which range the 
rate varies no more than does that of different museles at pH 7.5. 
The above investigators have put considerable stress on their 
observations on yeast that the activity of the dinitrophenol is 
proportional to the concentration of the non-dissociated acid 
residue, indicating that this form alone is active. This relation, 
which we confirm for Veast, does not hold for musele. 

The effeet of 2.4-dinitrophenol on muscle is apparently revers- 
ible, since it may be partially removed by washing the musele. 
In two experiments shown in Fig. 1, a the muscles were removed 
after 100 minutes treatment with 2.4-dinitrophenol, washed with 
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Ringer’s solution for 30 minutes, and returned to the Warburg 
vessel. The subsequent oxygen consumption was reduced from 
a value of 10 times to 3 or 4 times the normal rate. 


b 
pnp 
Lactate ¢DNP 
200, actate 
100. Normal 
d 
Caffemes DNP 
Caffeine 
700. 
Muscle hash «DNP =... 
500 
400. 
wo. 
Muscle 

200. hash 
100. 


min. 40 200 40 40. tO 


Fic. 1. The effect of 2,4-dinitrophenol on the oxygen consumption of 
muscle under various conditions. 


A comparison of the accelerating effect due to added lactate 
and that due to 2,4-dinitrophenol is shown in Fig. 1,6. The 
addition of 200 mg. per cent of d-lactate as the sodium salt approxi- 
mately doubles the rate of OXVEen consumption in contrast to an 


| | 
| 
| 
| 
| 


Ronzoni and EK. Ehrenfest 755 


increase of from 8 to 10 times on the addition of dinitrophenol. 
With caffeine (50 mg. per cent), on the other hand, the rate of 
oxygen consumption was increased to a value somewhat above 
that of the dinitrophenol-treated muscle. This high rate caused 
by caffeine was only slightly further accelerated by addition of 
2.4-dinitrophenol (Fig. 1, d). 

With hashed muscle (Fig. 1, ¢) the rate of oxygen consumption 
is about 5 times that of uninjured muscle. This rate is further 
accelerated by the addition of 2,4-dinitrophenol, the maximum 
value reached being somewhat higher than that for intact muscle 


Ill 
Glycoge nm lation lo th, Consumption (per (rm of Muscle) Due lo 
2. 4-Dinitrophe 


accounted for 


(slycogen as glucose fh) consumption by glycogen 

my per cont 
Winter frogs 1 36 | 

1 | 1420 70 

2 | 1) 

2.42 1953 

234 | 205 

2 
Summer frogs 1 42 10037 

1 62 | 

14 

1 #2 7s 

1 42 SI 

| 22 wa) 
Average 


similarly treated. In untreated hashed muscle lactate was 
formed aerobically (154 to 180 mg. per cent in 3 hours), indicating 
that the inhibition of glycolysis by respiration was partly abol- 
ished. That the rate of oxygen diffusion is not the limiting factor 
here is shown by the fact that in similar hash, treated with di- 
nitrophenol, twice the rate of Og consumption was supported by 
the same oxygen tension. In spite of this increase in oxygen 
consumed on the addition of 2 ,4-dinitrophenol there was a further 
increase in acrobie glycolysis to values about double those found 
in untreated hash (342 to 382 mg. per cent in 3 hours). 
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Substrate Oxidized—In those muscles treated with 2 ,4-dinitro- 
phenol and under conditions in which no lactic acid or hexosephos- 
phate accumulated in oxygen, the decrease in glycogen accounts 
for from 79 to 103 per cent of the extra oxygen consumption, as- 
suming complete oxidation of equivalent glucose to COs (Table 
IIl). In a first set of experiments on winter frogs, owing to the 
high glycogen content and consequent greater absolute error in 
determination which in some cases amounted to 50 per cent of 
the total glycogen lost, the results show considerable variation, 
but an average of ten experiments gives a value accounting for 
SY per cent of the total oxygen consumption. When the experi- 
ments are repeated on summer frogs with glycogen contents of 
around 0.5 percent, the results are more consistent, the glycogen 
loss accounting for 90 per cent of the oxygen consumption. The 
absolute variation in initial glycogen content these muscles 
Was never greater than 0.15 mg. per gm. of muscle, while the total 
glycogen lost in these muscles was of the order of 1.5 mg. The 
maximum error due to variations in the initial glveogen content 
of opposite muscles is 10 per cent of the total glycogen lost in 
the experimental period. It may, therefore, be inferred that the 
principal substance oxidized at an increased rate under the in- 
fluence of 2,4-dinitrophenol is a derivative of glycogen. 

nfluc nee of lodoacetate Since it appears that the main fuel 
oxidized under the influence of dinitrophenol in these museles is 
carbohydrate, it was of interest to learn whether inhibition of 
lactate production by monoiodoacetate would also inhibit the 
acceleration of oxygen consumption” The results of experiments 
to test this question are illustrated in Fig. 2.) Their interpreta- 
tion requires the following analysis. As indicated in’ Fig. 2,4 
the oxygen Consumption of an iodoacetate-treated muscle (with- 
out dinitrophenol) is approximately stationary at about the nor- 
mal level or slightly below for about 100 minutes, after which time 
it rises with the gradual onset of rigor and later falls as the musele 
dies. The effeet of adding dinitrophenol to the iodoacetate- 
treated muscle depends upon when it is added. If added after 
100 minutes, when the muscle is in or approaching rigor (Pig. 


* Muscles were treated for 30 minutes with 1:20,000 monotodoacetate in 
oxygen before the experiment. This tr atment was shown to prevent 
subsequent lactic acid formation and left the muscles with a phospho- 
creatine content of about 50mg. per cent of P (Table 
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2,¢), there is little or no additional increase of oxygen uptake, 
but a more rapid decline. If added earlier, when the musele is 


a, No subslrale 
mr! a t 


° 
4 
100 - 
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Vv 
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Fig. 2. The effect of 2 A-dinitrophenel on the oONvVagEen consumption of 
monoiodoacetate-treated muscle with without added lactate. a, 
without added dinitrophenol; b to ¢, dinitrophenol added at varying inter- 
vals after iodoacetate; /, without dinitrophenol; g, dinitrophenol added at 


and 


varving intervals after bodoacetate, 


less injured by iodoacetate, there is an immediate initial response 


but also a more rapid onset of rigor (Pig. 2,6,¢,d). The re- 
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sponse is greater, the earlier the dinitrophenol is added. So long 
as the muscle is functionally intact, dinitrophenol causes an in- 
crease of oxygen uptake, but in the absence of reactions leading 
to lactate (prevented by iodoacetate), the stimulus of 2,4-dini- 
trophenol causes more rapid deterioration, as indicated by prompt 
appearance of rigor and the fall in oxygen consumption. 

The addition of lactate to iodoacetate-treated muscle increases 
the rate of oxygen consumption and considerably delays the onset 
of rigor and the coincident temporary further rise of oxygen uptake 
(hig. 2,f). This protection afforded by lactate to iodoacetate- 
treated muscles is accompanied by a partial restoration of the 
ability to maintain the normal phosphocreatine content, and 
hence the breakdown of adenosinetriphosphate is delayed. Maw- 
son (1933) explains this delayed action of iodoacetate under 
aerobic conditions as being due to a more adequate resynthesis of 
phosphocreatine, made possible by the high rate of oxidation 
provided by the lactate. 

When 2,4-dinitrophenol is added to these lactate-protected 
muscles (Fig. 2,qg) there is an initial increase of oxygen consump- 
tion about as great (if added early) as with normal muscles. But 
the high level is not maintained as it is with normal muscles; the 
rate slowly falls and after about 5 hours has approached normal 
levels. The results may be summarized by saying that the addi- 
tion of lactate protects the muscle for a time from the poisonous 
effects of iodoacetate. 2,4-Dinitrophenol exerts upon these pro- 
tected muscles a more marked effect, a greater increase of oxygen 
uptake, but the stimulant (or the response) is also injurious, and 
rigor more rapidly sets in, followed by a decline in oxygen con- 
sumption. What the material is which was oxidized under the 
stimulus of dinitrophenol in the iodoacetate-treated muscles with- 
out lactate we cannot suy. The accelerated Constimpt lon 
eaused by dinitrophenol in the iodoacetate-treated muscles with 
added lactate was accompanied by a disappearance of lactate, 
slightly in excess of that accounted for, assuming complete 
oxidation. 

The facts noted above suggest that 2,4-dinitrophenol causes an 
acceleration in the enzymatic activation of carbohydrate, leading 
either to the formation of lactic acid or to its oxidation or both as 
in the case of caffeine poisoning or injury due to hashing. If such 
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a mechanism accounts for the acceleration in oxidation, there 
should be some correspondence between the anaerobic formation 
of lactic acid and the accelerated rate of oxidation. 

Effect of pH on Anacrobie Lactate Production under 2 ,4-Dini- 
trophenol——Since it was shown that lowering the pH of the sur- 
rounding solution to 6 prevents the anaerobic formation of lactic 
acid (Kerly and Ronzoni, 1933), this method of inhibition was 
also tried with dinitrophenol. The data are shown in Table IV. 

While in normal museles at pH 6 in bicarbonate-CO, buffer, 
lactic acid production is almost completely inhibited for 3 hours, 
when dinitrophenol is added to similar muscles the inhibition is 
incomplete. In a previous paper we suggested that the resump- 
tion of lactic acid production after 3 hours was probably due to 
liberation of a diffieultly diffusible base within the musele, pre- 


Taste IV 


Eff cf of pil on Anne robiec Production of Lactic Acid in Presence of 2 .4- 
Dinitrophe nol (in Mg. Per Cent) in 180 Minutes 


Phosphate buffer 83 | 135 | 384 | 427 | SSI | 2\4-Dinitrophenol 


o 10 2 | | 103 Normal 
buffer | to | Normal 


sumably from the hydrolysis of phosphocreatine, which makes 
the pH of the interior more alkaline than the exterior. By similar 
reasoning an increase in the rate of phosphocreatine hydrolysis 
would be expected here. That this is the ease will be shown later. 
It is impossible to inhibit completely the production of lactic 
acid in the presence of 2,4-dinitrophenol by a phosphate buffer 
of pH 5.6 to 6 or in biearbonate-CO, buffer at pH 6.1; therefore, 
lactic acid may not be ruled out as the substance oxidized. The 
data in Table LV show that at pH 7.4 or 8.5 the lactie acid pro- 
duction is greatly accelerated by dinitrophenol. Fig. 3 represents 
the rise of lactic acid with time, under anaerobic conditions. All 
values determined are plotted and the envelope represents the 
maximum Variations noted. The curves for normal muscle are 
averages of a large series of determinations. At pH 8.5 there is 
aslicht Ing in the acceleration due to dinitrophenol; it then con- 
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tinues at a constant rate for a period of at least 3 hours, at which 
time 500 to 600 mg. of lactic have been produced per 100 gm. of 
muscle. At pH 7.4, on the other hand, the rate of lactic acid 
production begins to fall off in about 2 hours when 400 to 450 
mg. of lactic acid have accumulated. This has reduced the pH 
of the surrounding medium to between 6.0 and 6.1, which accounts 
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hic. 3. The increase in anaerobic lactic acid production in muscle on the 
addition of 2,4-dinitrophenol. 


for the falling off in the rate as shown by the fact that if at this 
time the bicarbonate is renewed the normal rate continues. In 
muscles with high initial glveogen content lactic acid production 
ceases before the glycogen is completely used, after the produe- 
tion of L to 1.2 per cent of lactic acid, even when the bicarbonate 
is renewed every 30 minutes. The final failure coincides with 
the complete breakdown of adenosinetriphosphate, the coferment 
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of lactic acid production. This is in contrast to normal muscles 
which in the presence of sufficient buffer are capable of converting 
their entire glycogen content into lactic acid under anaerobic 
conditions. 

2.4-Dinitrophenol induces no measurable acceleration in the 
lactic acid production of muscle extract in which the rate is al- 
ready maximum. The aeceleration noted in muscle would, 
therefore, appear to consist in the removal or destruction of 
those factors which in normal muscle control the rate of lactate 
formation. Phosphate esterification is not accelerated in musele 
extract by 2,4-dinitrophenol, either in the presence or absence of 
sodium fluoride. 

In hashed musele there is a definite acceleration of lactie acid 
production on addition of 2,4-dinitrophenol. For example, one 
muscle was placed in dinitrophenol and the other of a pair was 
placed in Ringer's solution. After a period of 15 minutes in Ne 
both were hashed and 15 minutes later extracted for analysis. 
The muscle hashed in Ringer's solution alone contained 101 mg. 
per cent, the one in dinitrophenol 167 mg. per cent. Since a 
muscle kept for 30 minutes in dinitrophenol contained 90 mg. 
per cent of lactie acid, the additive effeet of dinitrophenol and 
hashing determined separately is 191 mg. per cent as compared 
with 167 mg. per cent due to the combined action. In all cases 
the effects on lactate production of 2,4-dinitrophenol and the 
injury of hashing are supplementary, but the combined effect 
is less than the sum of the two determined on different muscles. 
The acceleration, in per cent of the already high value of hashed 
musele, is less than that observed for intact muscles, but the rate 
of production is somewhat greater than in normal muscles treated 
with 2,4-dinitrophenol. The total lactate production reaches 
the same value in normal musele as in hash if sufficient time is 
allowed. In hashed muscle treated with dinitrophenol 644 mg. per 
cent of lactic acid were produced in 2 hours, while in intact musele, 
also treated, 3 to 4 hours are required to produce this quantity. 

Effect of Stimulation on Lactic Acid Production —A comparison 
has been made (Table V) between the effeet of stimulation on 
normal and 2,4-dinitrophenol-treated museles. The excess lactic 
acid due to stimulation is of the same order in treated museles as 
in normal muscles, except where the treatment with dinitrophenol 
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has been of such duration as to raise the lactate to high levels, 
If this has occurred, both the tension developed by the muscle 
and the lactic acid production due to stimulation are diminished 
in the muscle treated with dinitrophenol. The relation between 
lactic acid produced and tension has not been studied in sufficient 
detail to permit quantitative comparison, but it is found that 
whenever the muscle responds to stimulation there is an excess 
lactic acid production over the high level due to dinitrophenol 
alone. 

Phosphocreatine——The work of Margaria and associates (1933) 
showed that a large part of the acceleration of oxygen consump- 
tion due to exercise must be referable to another mechanism than 
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the removal of lactic acid. The oxidative resynthesis of phospho- 
creatine is well established, and we have shown an acceleration of 
oxygen consumption in muscles paralleling the resynthesis of 
phosphocreatine in the absence of lactic acid removal (Ronzoni 
and Kerly, 1933). Hegnauer, Fenn, and Cobb (1933 34) also 
have found an acceleration of oxygen consumption in muscle due 
to excess potassium in the absence of lactate production and 
coincident with an increase in phosphocreatine hydrolysis. It was 
therefore of interest to determine the effect of 2,4-dinitrophenol 
on the behavior of phosphocreatine. The curves in Fig. 4, a show 
the acceleration in breakdown of phosphocreatine when dinitro- 
phenol is added to aerobic and anaerobic muscles at pH 7.4. If 
the final concentration of phosphocreatine is regarded as the 
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balance between hydrolysis and resynthesis, it appears that 2,4- 
dinitrophenol causes either an acceleration of its hydrolysis or an 
inhibition of its resynthesis. Experiments under anaerobie con- 
ditions with iodoacetate-treated muscles, in which the resynthesis 
of phosphocreatine by the lactic acid mechanism is eliminated, 
show that dinitrophenol accelerates the hydrolysis (Fig. 4, 6). 
The difference between the two curves can perhaps be considered 
as the amount of phosphocreatine rebuilt owing to the lactie acid 
mechanism alone. Since the rate of phosphocreatine hydrolysis 
in iodoacetate-poisoned muscle is approximately doubled and the 
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rate of lactic acid formation in unpoisoned muscle is increased 6 
toS times, it would appear to follow that the coupling of anaerobic 
resynthesis of phosphocreatine with lactate formation is less 
effective under the influence of dinitrophenol. 

When ample oxygen is available to normal muscle, there is no 
loss of phosphocreatine. However, if a fully oxygenated muscle 
is treated with 2,4-dinitrophenol, the rate at which phosphocrea- 
tine is resynthesized is overbalanced by the rate of its hydrolysis 
and in spite of an acceleration of 6 to 10 times in the rate of oxygen 
consumption phosphocreatine tends to diminish in the musele. 
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There is, however, some resynthesis or inhibition of hydrolysis by 
oxygen shown by the fact that the decrease in phosphocreatine is 
greater in the absence of oxygen. Here again if we consider the 
degree of acceleration of the two processes separately, the oxygen 
consumption due to 2,4-dinitrophenol is less effective in prevent- 
ing the hydrolysis of phosphocreatine than in normal muscles, 

If we compare the magnitude of the acceleration in lactic acid 
formation with the increase in the rate of hydrolysis of phospho- 
creatine caused by dinitrophenol, we find that in anaerobic mus- 
cles lactie acid formation is accelerated between 7 and 8 times 
the normal rate and hydrolysis of phosphocreatine is only about 
doubled. The increase in lactic acid production compares favor- 
ably with the increase in oxygen consumption. On the other 
hand, the concentration of lactic acid in aerobic muscles must at 
any time be very low, and hy it concentration alone cannot ac- 
count for the observed acceleration of oxygen consumption. 

The evele of chemical changes in muscle associated with activity 
involves as one of its critical features the exchange of phosphate, 
which passes through a evele of compounds starting with adeno- 
sinetriphosphate. At one point in this evele energy is vielded for 
muscle contraction (or for restoration of the contractile mecha- 
nism); at another point energy is gained, for the restoration of the 
normal phosphate equilibrium, from sugar breakdown. The strik- 
ing feature of this eyele is that in normal intact muscle it runs 
down spontaneously only very slowly to the complete utilization 
of the energy-yvielding carbohydrate. The various stages appear 
to be in an equilibrium which is maintained at a low energy cost, 
derived from carbohydrate splitting. The energy so derived is 
capable of completely maintaining this equilibrium oxidatively, 
but anaerobically the eyele runs down slowly and stops with the 
final complete hydrolysis of phosphocreatine and adenosinetriphos- 
phate. The eritieal link in restitution appears, then, to be the 
transfer of energy and phosphate from carbohydrate esters to 
creatine in the resynthesis of phosphocreatine through adeno- 
sinetriphosphate as mediator of phosphate (Parnas, Ostern, and 
Mann, 1935; Needham and van Heyningen, 1935; Lohmann, 
1935). When phosphopyruvie acid is dephosphorylated and con- 
verted into lactic acid anaerobically, while the phosphate liber- 
ated is sufficient, restoration is incomplete in intact muscle and 
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inorganic phosphate appears. With the oxidative disposal of 
the intermediate the restoration is complete. 

The various stages of the eyele are then maintained in normal 
equilibrium at a very low energy cost until excitation of the muscle 
disposes of the energy at one point, presumably the hydrolysis of 
adenosinetriphosphate which is immediately restored from the 
phosphate reserve, phosphocreatine, whereupon the cyele runs 
until this energy and phosphate are restored. Here again the 
anacrobie restoration is not quite complete, while oxidatively the 
equilibrium is restored if sufficient time is allowed. 

If at any one point in this eyele one of its reactions were inhib- 
ited, all reactions beyond that would soon cease. Monoiodoacetate 
in preventing the dismutation of the triosephosphate prevents 
the restitution of phosphocreatine and finally of adenosinetriphos- 
phate, and the eyele runs down from this point with the conver- 
sion of a part of the phosphate of phosphocreatine and of adeno- 
sinetriphosphate into carbohydrate esters, the remainder appear- 
ing as inerganie phosphate. The fact that the eyele runs down 
more slowly in the presence of oxygen, especially if an oxidizable 
substrate is added, is presumably due to oxidative resynthesis of 
phosphocreatine. The transference of energy to the contractile 
process appears to be through the hydrolysis of adenosinetriphos- 
phate, since this must precede the formation of hexose esters as 
well as the hydrolysis of phosphocreatine. This, therefore, must 
be the point of release of the control of carbohydrate mobilization. 
There is normally no measurable breakdown of adenosinetriphos- 
phate, since its restitution by phosphocreatine hydrolysis is rapid 
and complete and the hydrolysis of phosphocreatine becomes the 
measurable evidence of what has oecurred. Musele excitation 
and 2.4-dinitrophenol both accelerate the breakdown of phospho- 
creatine and presumably, therefore, the rate of hydrolysis of 
adenosinetriphosphate, which is in turn accompanied by a mobili- 
zation of carbohydrate. The normal phosphate equilibrium as 
well as the energy of the system has been disestablished and the 
eyele runs until the equilibrium has been reestablished after musele 
excitation. Failing this, under the influence of dinitrophenol the 
reaction proceeds not to the complete breakdown of carbohydrate, 
but, owing to the imperfeet resynthesis of phosphocreatine, to 
the complete breakdown of phosphocreatine and adenosinetri- 
phosphate, which brings it to a stop. 
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Since the rate of oxygen consumed under the influence of dini- 
trophenol does not exceed that which may be produced by other 
means (caffeine treatment or excitation), it is reasonable to as- 
sume that the stimulating factor is the same in either case. The 
acceleration in oxygen consumption and the acceleration in 
anaerobic lactic acid formation bear a direct relationship in 2,4- 
dinitrophenol-treated muscles, and it is again reasonable to as- 
sume that the mechanism of mobilization of carbohydrate is the 
same in either case. The anaerobic production of lactic acid due 
to dinitrophenol approaches the maximum owing to stimulation, 
but does not prevent further response due to excitation. In 
muscle extract where the entire mechanism is released, dinitro- 
phenol has no accelerating effect on lactic acid production or on 
hexosephosphate accumulation. This marked correspondence be- 
tween the acceleration of anaerobic processes on the one hand 
and oxygen consumption on the other points to a generally stimu- 
lated enzymatic activity caused by the release of the normal con- 
trolling factors as the mechanism of the action of 2,4-dinitro- 
phenol. 


SUMMARY 


1. 2,4-Dinitrophenol at optimum concentrations accelerates 
the oxygen consumption of green frog muscle 6 to 10 times. The 
excess oxygen consumed above the normal is substantially ae- 
counted for by the glycogen lost. In iodoacetate-treated muscles 
the acceleration due to 2,4-dinitrophenol is small. The addition 
of lactate partially restores the accelerating effeet of dinitrophenol 
on oxygen consumption. 

2. The anaerobic lactic acid production is accelerated 7 to 8 
times the normal rate, and, if adequately buffered, continues 
until the complete breakdown of phosphocreatine and adenosine- 
triphosphate. In museles with high glycogen content (2.0 to 
2.5 gm. per 100 gm.) the reaction ceases before the carbohydrate 
is completely utilized, 

3. Oxygen prevents lactic acid accumulation, but it cannot 
prevent completely the breakdown of phosphocreatine and in the 
long run of adenosinetriphosphate. 

4. 2,4-Dinitrophenol accelerates the rate of phosphocreatine 
hydrolysis above that which can be restored by the accelerated 
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rate of oxidation. The rate of hydrolysis is shown to be approxi- 
mately doubled. Since the O, consumption and laetie acid pro- 
duction are accelerated 6 to 10 times the normal, resynthesis by 
these two mechanisms must be interfered with by dinitrophenol. 

5. Sinee 2,4-dinitrophenol accelerates phosphocreatine hydroly- 
sis, Which takes place only in the presence of adenylie acid, it 
must also accelerate the hydrolysis of adenosinetriphosphate. 

6. In muscle extract, freeing the enzymes, their activators, and 
substrate from cell structure releases the controlling factors of 
carbohydrate breakdown and dinitrophenol is now without in- 
fluence on the rate of lactic acid production or of phosphate 
esterification. 

7. 2.4-Dinitrophenol, therefore, appears to act by allowing the 
maximum mobilization or activation of carbohydrate, which 
leads to an acceleration of oxygen consumption or anaerobically 
to accelerated lactic acid formation. 

8. Normally the funetion of the hydrolysis of adenosinetriphos- 
phate appears to be the restoration of the contractile mechanism. 
Sinee with dinitrophenol there is no such restoration necessary, 
the energy of the accelerated activity is thus wasted. 
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REMARKS ON THE PAPER BY TENDELOO ON A NEW 
AND EASY METHOD FOR THE POTENTIOMETRIC 
DETERMINATION OF CALCIUM CONCEN- 
TRATIONS IN SOLUTIONS 


By DAVID M. GREENBERG saxo CLARENCE EF. LARSON 


(From the Diviscon of Biochemistry, University of California Medical 
School, Berkeley) 


(Reeeived for publication, May 25, 1046) 


In a recent publieation,’ Tendeloo has proposed an ingenious 
method for estimating concentrations of calcium in solution 
through the use of a fluorite, Caks, electrode. If this eleetrode 
method were valid, it would be a useful tool in the service of 
biological investigation. However, examination of the results 
obtained by Tendeloo with this electrode on the adsorption of 

ealcitum by gelatin from caleium nitrate solutions leads to con- 
siderable doubt regarding its reliability. 

Tendeloo reports that gelatin adsorbs a considerable amount 
of calcium from solutions more acid than the isoeleetrie point of 
gelatin, whieh is contrary to the current views on the physico- 
chemical properties of the proteins. Furthermore, the quantities 
of calcium which are stated to be adsorbed by the gelatin, ranging 
up to amounts of 0.5 and 0.74 gm. of caleium per gm. of gelatin, 
appear improbably large. 

Because of the unusual nature of these results, it appeared de- 
sirable to subject them to test by an independent means. Ae- 
cordingly, experiments on the adsorption of calcium by gelatin 
were carried out by ultrafiltration; solutions similar in composition 
to those reported in Table IIL of the work of Tendeloo were 
employed. 

Kastman, electrolytically deashed gelatin was employed. This 
was dissolved in a caleium nitrate solution of approximately 0.5 
N, a correction being applied for the moisture content of the gela- 


' Tendeloo, H. J. C., J. Biol. Chem., 113, 333 (1936). 
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tin. One series of experiments was carried out at the natural pH 
of the gelatin and another adjusted to the pH of 4.5 with hydro- 
chloric acid. The calcium concentrations of the original solutions 
and the ultrafiltrates were determined by precipitation of the 
calcium as oxalate and titrating with permanganate. 

The results which were obtained are reported in Table 1. From 
the data given in Table I, it is clear that at the isoelectric point, 
and in more acid regions of pH, gelatin adsorbs none or only a 
negligible amount of calcium. 

The experimental results are in harmony with the current 
views on the physicochemical behavior of the proteins, and throw 
doubt on the reliability of the fluorite electrode as a means of 
determining calcium ion concentrations. 
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FURTHER OBSERVATIONS ON THE CHEMICAL NATURE 
OF A HEMATOPOIETIC SUBSTANCE OCCURRING 
IN LIVER 


hy H. DAKIN, C. C. UNGLEY,* ann RANDOLPH WEST 


(From the Medical Clinic, Presbyterian Hospital, Columbia University, New 
York, Royal Victoria Infirmary, Newcastle-on-Tyne, England, and 
Scarborough-on-Hudson, New York) 


(Received for publication, June 29, 1936) 


About a year ago two of the present authors (1) deseribed the 
preparation and partial purification of a product from liver which 
was effective in causing blood regeneration in pernicious anemia. 
The method of purification which was fully deseribed consisted 
essentially in the removal of much inert material with alcoholic 
calcium acetate, the precipitation of the active material with 
Reinecke acid, its regeneration from the Reineckate under special 
conditions, and finally its fractionation by means of salting-out 
with a variety of salts. The active material was also isolated as 
pierate and flavianate. In this communication it was stated that, 


“It may at once be emphasized that the material to be described has not 
been eryetallized and such erystalline derivatives as have been obtained 
are of little value in establishing striet chemical individuality; in fact, the 
available evidence is against the view that we are dealing with a single 
substance. On the other hand, relative constancy of composition, the 
isolation of erystalline products of hydrolysis, and the apparent fact that 
clinical potency is consistently associated with the compound and is absent 
from preparations in which it has been either removed or chemically 
altered, would seem to justify its claim to consideration.” 


The elinieal poteney of material prepared according to this method 
has been independently confirmed by Ungley, Davidson, and 
Wayne (2), working under the auspices of the British Medical 
Research Couneil, using a commercial product’ prepared under 


* Leverhulme Scholar of the Royal College of Physicians. 
'Obtainable from The British Drug Houses, Ltd., London, under the 
name anahawmin. 
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the direction of Dr. F. H. Carr, and by Wilkinson (3) using ma- 
terial supplied by Dr. F. L. Pyman. The object of the present 
communication is to describe some further steps in the purification 
of the antipernicious anemia principle of liver, and to reeord 
certain deductions that may be drawn from the chemical data 
thus acquired. 

It may be recalled that the product previously described gave 
on hydrolysis an aminohexose similar to glucosamine, and lysine, 
arginine, glycine, leucine, hydroxyproline, aspartic, and other 
dibasic acids. The presence of glucosamine was of considerable 
interest for a variety of reasons. Thus it was stated in our 
previous paper that, “The possible relationship of our substance 
to products of the partial digestion of gastric mucin [containing 
glucosamine] is obvious and is of interest in connection with the 
therapeutic effects of dried gastric tissue... and of concentrated 
gastric juice.” Our suspicion that glucosamine might be an 
essential grouping in the liver product was strengthened by experi- 
ments which we made on the isolation of similar products from 
kidney and brain, both of which organs have been shown to be 
therapeutically active on oral administration. Thus Castle (4) 
reflecting the generally accepted view states that “the animal 
kidney is as effective a source of the active principle of liver as is 
that organ itself.’ Using chemical methods identical with those 
successfully employed in the case of liver, we were able to isolate 
peptide mixtures which unlike those from liver gave strong biuret 
reactions, and were completely free from glucosamine. When 
tested clinically, these products were found to our surprise to be 
totally inactive. Whether kidney and brain are sources of Castle's 
“intrinsic factor’ remains to be determined, but by our method 
they do not yield significant amounts of the antipernicious anemia 
principle found in liver. In this connection it may be mentioned 
that we have also tested mucin-rich salivary glands desiccated at 
low temperature and found that they possess no therapeutic 
activity when fed to a pernicious anemia patient. 

In the light of the preceding results we were encouraged to 
try to separate our product from liver into glicosamine-rich and 
glucosamine-poor fractions. By the use of methods deseribed 
later we have convinced ourselves that glucosamine is not an in- 
tegral part of the active principle. We have obtained preparations 
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surpassing in clinical activity those previously deseribed which 
were completely free from glucosamine, while on the other hand 
the glucosamine-rich preparations showed either no clinical 
activity or a diminished one. Our previous suggestion that there 
might possibly be a relationship between glucosamine-rich gastric 
mucin and the active substance in liver must obviously be with- 
drawn. The difficulty which we experienced in securing glu- 
cosamine-free preparations from liver is not surprising in view of 
the extraordinarily high glucosamine content of liver proteins. 
Thus more than 30 years ago Neuberg and Milchner (5) showed 
that liver proteins contained at least 3.58 per cent of glucosamine 
and that on autolysis or digestion it was not set free. 

The preparation of glucosamine-free preparations is based on 
the following considerations. Taking as starting material prep- 
arations corresponding to Product Il as described in our earlier 
paper, we found that while neutral lead acetate gave no precipi- 
tate at all, a small but variable amount of material could be 
precipitated by basie lead acetate and freshly precipitated lead 
hydroxide (we have used Horne’s basic lead acetate exclusively). 
The precipitated material after hydrolysis was found by Elson 
and Morgan’s (6) colorimetric method for glucosamine estimation 
to contain a considerably higher percentage of aminohexose than 
the original material. On regenerating the material from this 
precipitate, it was found to be clinically inactive (Case 1). The 
activity of the material in the filtrate was confirmed (Case 1). 
By the cautious addition of ammonia to the filtrate from the pre- 
ceding experiment, a small additional precipitate was obtained 
which also contained much aminohexose. In some cases the ma- 
terial so recovered showed no clinical activity, while in others it 
was clear that some of the active compound had been precipitated 
(Case 2). While much aminohexose-peptide has been removed 
by the preceding treatment, the filtrate still contains significant 
amounts of glucosamine, and a positive Molisch reaction such as ts 
given by glucosamine peptides is invariably obtained. The next 
step in the purification of the clinically active material in the fil- 
trate was based on the following observation. It was found that 
our substance was precipitable by uranium acetate. On the 
addition of uranium acetate the precipitate first separating con- 
tains extremely little ghicosamine but is clinically highly active 
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(Case 3). The mother liquor after the initial precipitation be- 
comes definitely acid and a further precipitate containing almost 
the whole of the residual peptide is obtained on the cautious ad- 
dition of ammonia until approximate neutrality is reached. The 
material derived from the acid filtrate still contains a good deal 
of glucosamine and is clinically active (Case 1), though probably 
less so than that from the first precipitate. The regeneration of 
the uranium precipitates was at first accomplished by simple agi- 
tation with neutral ammonium phosphate, but later it was found 
more convenient and to permit more nearly quantitative results 
to dissolve the precipitate in 0.5 .N sulfurie acid, add an excess of 
ammonium phosphate, and bring to pH 6 with ammonia. After 
filtering off the uranium phosphate, the peptide could be recovered 
from the filtrate either by precipitation with Reinecke salt or by 
salting-out with ammonium sulfate. The various fractions ob- 
tained by the above procedures were all examined for glucosamine 
after hydrolysis with normal hydrochloric acid for 1 to 2 hours at 
100°. It should be stated that the results obtained by Elson and 
Morgan’s method were invariably much higher than those obtain- 
able by any copper reduction method, and while, as stated in our 
first paper, this extension of Elson and Morgan’s method may be 
beset with serious quantitative errors, it at least proved invaluable 
for the rapid determination of maximum glucosamine values. 

The following is an outline of the actual preparation of one of our 
glucosamine-free preparations and may be regarded as typical 
of the various procedures, the precise order being varied according 
to circumstances. It will be noted that preliminary purification 
with alcoholic calcium acetate is replaced by twice salting-out 
with saturated ammonium sulfate, a procedure that was first 
employed by F. H. Carr. 

Liver extract powder, | kilo (No. 343, Eli Lilly and Company) 
was stirred with 2.5 liters of warm water until dissolved. Am- 
monium sulfate, 1400 gm., was then added by degrees with con- 
stant stirring and the mixture placed in a refrigerator overnight. 
The precipitate was filtered off on a Buchner funnel, washed with 
saturated ammonium sulfate solution, pressed out thoroughly, 
and sucked as dry as possible. It was then vigorously stirred 
with 500 cc. of distilled water so as to get as much as possible in 
solution and towards the end of the stirring 20 gm. of filter-cel 
were added, and the whole filtered with suction with a minimum 
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of wash water. Reprecipitation is then carried out by again 
saturating with ammonium sulfate, with care to avoid excess. 
The precipitate was filtered off, sucked dry, and suspended in 200 
cc. of water and well stirred, and after a short time 500 ce. of aleo- 
hol were added by degrees and the mixture allowed to stand some 
hours in the refrigerator. The precipitate of ammonium sulfate 
and alcohol-insoluble peptides was filtered off and washed with 
70 per cent alcohol. The filtrate was then concentrated under 
diminished pressure to remove alcohol at a temperature below 50°. 

The first precipitation with basic lead acetate was now carried 
out with about 200 gm. of basic lead acetate dissolved in a mini- 
mum of warm water, and by cautiously adding ammonia until the 
mixture was quite definitely alkaline to litmus. Filtration was 
carried out immediately and the filtrate acidified to Congo red 
with sulfuric acid as soon as possible, and the lead sulfate removed 
by filtration. The next step involved precipitation of the active 
material with Reinecke acid, of which about 25 gm. were required. 
The carrying out of this precipitation and the subsequent decom- 
position of the precipitate dissolved in methyl aleohol with di- 
methylaniline has been fully described in our earlier paper and 
need not be repeated in detail. The solution of the active material 
was freed from methyl alcohol by concentration under reduced 
pressure and next precipitated with uranium acetate, of which 
about 150 ec. of saturated solution (10 gm.) were required. The 
acidity of the solution was diminished by adding 10 ce. of 1:10 
aqueous ammonia, but the final reaction was maintained distinetly 
acid to litmus. The curdy precipitate which filtered easily was 
sucked off and well washed with cold water, dissolved in 0.5 N 
sulfuric acid, and the uranium removed as phosphate by adding 
ammonium phosphate (2 gm.) and ammonia to neutrality. The 
solution, which still contained significant amounts of combined 
glucosamine, was again subjected to precipitation with basic 
lead acetate (15 gm.), freshly prepared lead hydroxide (5 gm.), 
and ammonia was added as long as an additional precipitate was 
formed. The precipitate on decomposition with sulfurie acid 
was found to contain the whole of the glucosamine, while the fil- 
trate contained none. The peptide in the filtrate was recovered 
by acidifying with sulfurie acid, filtering off the lead sulfate, and 
again precipitating with Reinecke acid (3 gm.). The Reineckate 
was decomposed as previously described and the solid peptide 


| 


776 Hematopoietic Substance in Liver 


recovered by concentration and precipitation with absolute alco- 
hol. The yield of glucosamine-free product was 4.02 gm. The 
Molisch reaction was completely negative in 1:30 dilution, and on 
hydrolysis 100 mg. gave adoubtful trace of color with the acet ylace- 
tone reagent. The amount of combined glucosamine, if any 
were present, was certainly less than O.1 per cent. It must be 
noted, however, that not every preparation obtained by the pre- 
ceding method was equally free from combined glucosamine, for 
some showed from a definite trace to a maximum of a fraction of 
1 per cent as determined by the acetylacetone method. 

The reservations which we made regarding the purity of our 
previous preparations must be again emphasized, although the 
degree of constancy of composition is rather surprising. In view 
of the fact that no albumose of natural origin has ever been purified 
to the extent demanded by strict chemical criteria, it can hardly 
be expected that we should have better fortune. It is unfortun- 
ately true that none of the steps used in the preparation can in 
aAnyV sense be regarded as specific for our substance, but are rather 
in the nature of group reactions common to similar compounds, 
It is also disturbing to realize that on subjecting a protein such as 
gelatin to peptic digestion and then applying our methods to the 
separation of the products formed, it is found that a not inconsider- 
able amount of albumose, soluble in 70 per cent aleohol, appears 
in the final stages. The products, however, uniformly give strong 
biuret reactions, unlike the substance from liver. With these 
limitations in view, it is of interest to compare the composition of 
our present glucosamine-free preparations with those of our Prod- 
uct IL described in our first paper, which we were inclined to 
regard with the most favor as showing the lowest amino nitrogen 
and the highest specific rotation. 


Product Il preparations 


per cent per cent 
Carbon. ... S14 S- 48.1 
Hydrogen 7.0- 7.2 68 
Nitrogen 2154 165 
NH, (Van Slyke) 04- 0 02 
NH.-N after hydrolysis 10 6- 108 
Specific rotation, degrees —W to — 106 li2to 


4q 
A 
4 
7 
4 
My 
: | 
4 
* 


H. D. Dakin, C. C. Ungley, and R. West = 777 


It will be noted that the glucosamine-free preparations show a 
slightly lower carbon content and a slightly higher nitrogen. We 
believe this difference may be explained by the presence of more 
glycine in our new preparations. The complete or almost com- 
plete absence of amino nitrogen is noteworthy as a probable indi- 
cation that the very small amount of lysine previously observed is 
not an essential component of the active material. The specific 
rotation is materially higher than previously observed. Refer- 
ence must be made to the fact that the specific rotation of our 
substance in aqueous solution is influenced by small temperature 
changes to a rather surprising degree, the rotation diminishing 
with inerease in temperature. For example, a solution which 
showed an angular rotation of 0.60° at 17° and O.31° at 20° showed 
a rotation of 11.75° when cooled to 5°. A parallelism between 
high specifie rotation and high elinieal potency is not to be as- 
sumed. In fact, a fractionation of our earlier preparations carried 
out under Carr's direction, disclosed a possibly greater clini- 
‘al activity of the fraction with the lower specific rotation of about 
—S80° compared with the fraction showing a rotation of — 115° 
(Cases S to 10). 

Clinieal results following the intramuscular injeetion of prep- 
arations practically free from glicosamine are furnished by Cases 
2to 7. The potency appears to be rather more than twice that 
previously recorded by us. 

Since our substance in many particulars resembles substances 
collectively deseribed as albumoses, it seemed of interest to ex- 
amine the effect of a number of albumose reagents. In the first 
place we wish to make a correction. In our earlier paper we 
stated that “our substance is not precipitated by trichloroacetic 
acid This is only true to a limited extent, for strong solutions 
are precipitated by trichloroacetic acid provided a high concen- 
tration of the latter is present. Thus, 5 per cent trichloroacetic 
acid precipitates almost none, LO per cent less than half, while 20 
per cent precipitates almost completely. Rufianie acid, ferroey- 
anic acid, and metaphosphoric acid give no precipitate, nor do 
copper acetate and ferrie sulfate, all of them precipitants of typical 
albumoses. Aluminum hydroxide adsorbs it to a considerable 
extent, while copper hydroxide adsorbs very little. Hunter's (7) 
protamine reaction with albumoses is negative with clupein as 
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reagent. Zine sulfate is effective as a precipitant only on com- 
plete saturation. On the other hand, uranium acetate (but not 
uranium nitrate), rhodanilic acid, and catecholarsenic acid are 
good precipitants. 

Hydrolysis—The glucosamine-free peptide is readily hydrolyzed 
by boiling with mineral acids and, unlike the glucosamine-con- 
taining products, very little pigmentation accompanies the change. 
We have been able to find nothing but the usual amino acids among 
the products of hydrolysis. The methods used for their identifi- 
cation were those described in our earlier paper and need not be 
repeated. As already stated we have been able to climinate 
glucosamine and apparently lysine as essential components, but 
arginine, glycine, leucine, aspartic acid, and hydroxyproline, all 
of which were found in our earlier preparations, have been again 
identified in our new preparations. The relative amounts of these 
amino acids approximate those previously found, with the excep- 
tion that we now find 9.5 to 10.4 per cent of glycine in place of 4 
to 6 in the earlier preparation. The estimation was carried out by 
Bergmann’s method, with tripotassium chromium trioxalate as 
precipitant, and the results must be regarded as minimal values. 
A somewhat special interest attaches to the presence of glycine, 
for it may possibly furnish the explanation of why glycine-free 
casein is not a source of extrinsic factor, using Castle’s terminol- 
ogy, and may also be connected with dietary anemias. In ad- 
dition, we have obtained analytical evidence indicating that pro- 
line accompanies the hydroxyproline. We were able to identify 
the proline by precipitation with Bergmann’s rhodanilic acid after 
preliminary separation as Reineckate. It should be noted that 
very significant amounts of proline and hydroxyproline escape the 
first precipitation as Reineckate and may be recovered in the form 
of their hydantoins on ether extraction. The analyses of these 
hvdantoins indicated about equal parts of proline and hydroxy- 
proline. In discussing the dicarboxylic acids in our earlier paper 
we referred to “indications of a dicarboxylic acid easily soluble in 
water and giving a very soluble copper salt precipitable by aleo- 
hol” which was obtained after the removal of aspartic and glu- 
tamic acids. We have encountered this action repeatedly in our 
present work. The acid which was isolated from the silver salt 
has a very small positive rotation (4+2.0°). On boiling with so- 
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dium hydroxide and diazotized sulfanilic acid, the solution which 
is at first colorless develops a strong cherry-red color, while with 
8-naphthol and sulfurie acid it gives a yellowish green fluores- 
cence. Various preparations of the copper salt gave the following 
results on analysis. 


Cu 26.6, 28.0, 27.3; NH,-N 6.12, 6.40, 6.24 


C,H;-OsNCu requires Cu 28.3, N 6.23. The carbon analyses were 
also unsatisfactory, being 1 to almost 2 per cent too high. It is 
difficult to avoid the supposition that hydroxyglutamie acid was 
present, although we are conscious that the natural occurrence of 
this amino acid has received much skeptical comment. Larger 
amounts of material than we have yet had at our disposal will be * 
necessary before we reach a final decision. One other product of 
hydrolysis remains to be mentioned, namely ammonia. In our 
early preparations the presence of glucosamine and its decompo- 
sition products made the determination of “amide’’ nitrogen im- 
practicable. We find that in our present preparation about 0.5 
per cent of nitrogen is in amide form. Before analysis the prep- 
arations were dissolved in a little water, magnesium oxide added, 
and the mixture allowed to stand over sulfuric acid for a couple of 
days. This precaution was taken in order to eliminate the possi- 
bility of preformed ammonium salts being mistaken for amide 
nitrogen. 

Fractional Salting-Out with Ammonium Sulfate-—The fact that 
ammonium sulfate, magnesium sulfate, sodium chloride, and other 
salts could be used for the precipitation of the active material in 
liver was dealt with in our earlier paper. The experiment to be 
reported aimed at defining a little more exactly the limits of pre- 
cipitation with ammonium sulfate and also to see whether the 
various fractions showed marked variation. A clinically potent 
product (4.84 gm.) prepared as described in the earlier part of 
this paper was dissolved in 10 parts of water and with constant 
stirring brought to one-half saturation with ammonium sulfate. 
After standing in a cool place, the supernatant fluid was poured 
off and brought to two-thirds saturation with ammonium sulfate. 
The whole process was then repeated three times. It is note- 
worthy that the third one-half saturated mother liquor contained 
as much solid material as did the first. The mother liquors from 
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the two-thirds saturation were acidified with sulfurie acid (pH 2) 
and saturated with ammonium sulfate, but very little material 
had escaped precipitation. Each of the various fractions was dis- 
solved in water so as to give approximately a 2 per cent solution 
and then examined in the polarimeter. The small amount of 
adhering ammonium sulfate was disregarded, while the concentra- 
tion of the polarized solutions was based on nitrogen estimations 
after removal of ammonia. The material was thus fraction- 
ated into seven different fractions. The original material had 
la], = — 122°; and each of the seven fractions showed rotations with- 
in the limits of —116° and —121°. The material precipitated three 
times in one-half saturated ammonium sulfate amounted to 3.15 
gm. (65 per cent) and had [a], = — 121°; the material precipitated 
between one-half and two-thirds saturation with ammonium 
sulfate amounted to 1.50 gm. (33 per cent) and had [a|,, = —116°, 
while only 0.2 gm., la], = — 118°, was recovered on complete satura- 
tion. It is clear therefore from this experiment that almost all of 
our product is precipitated at two-thirds saturation with ammo- 
nium sulfate and most of it at one-half saturation, and also that the 
fractions show a surprising degree of uniformity as regards optical 
rotation. The clinical testing of the two main fractions, one-half 
and two-thirds ammonium sulfate saturation, failed to disclose 
significant differences (Cases 11 to 15). 

Action of Alkali--In our earlier paper it was stated that ‘24 
hours exposure to 0.5 N sodium hydroxide at room temperature 
completely inactivates the substance, and undoubtedly much less 
drastic conditions would be equally effective.” [It was also shown 
that this inactivation of clinical potency was accompanied by the 
racemization of certain of the amino acid groups, notably arginine, 
lysine, and leucine. Leven before we had obtained these results, 
we had learned to be apprehensive as to the effect of alkali on 
the activity of our products and had avoided it as much as possible. 
Notwithstanding these fears, we have had to make use of lead 
salts and ammonia in order to obtain carbohydrate-free products 
as described in the present paper. It was therefore of some im- 
portance to determine how destructive was the action of ammonia 
on the purified substance. In the absence of available clinical 
cases we have had to resort to observing changes in optical rota- 
tion in order to detect change. Accordingly solutions were pre- 
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pared in 1 N ammonia and sodium hydroxide and the rotations 
observed at suitable intervals. 


| Solution ints Solution in | ~ 
NiLOU NaOH 


degrees degrees 


Initial rotation | —3.75 ~3 00 
After 2 hrs —3 62 —2 

1 «day —3 45 

2 davs ~3 37 

—1.10 

07 


The vastly greater speed and extent of reduction in optical activ- 
ity by the normal sodium hydroxide as compared with normal 
ammonia is obvious. It would seem probable that the short ex- 
posure to dilute ammonia which we employed in our preparation 
would not be productive of much chemical change. 

Dialysis and Ultrafiltration--We have made a number of ex- 
periments on the dialysis and ultrafiltration of our product which 
may ultimately be of some value in estimating molecular size. We 
find that our substance dialyzes quite easily through thin sheep 
cecum (so called fish skin condom), much less rapidly but eventu- 
ally completely through thin viscose sausage casing, while dialysis 
through Sehleicher and Schill parchment is extremely slow. We 
have tested some of the viscose dialysates and residues clinically 
(Cases 16 and 1). Much of the active material was removed by 
IS hours dialysis. Cohn, Minot, Alles, and Salter (8) report a 
patient showing “an unexpectedly weak reticulocyte response 
when fed extract after ultrafiltration through a collodion mem- 
brane,’ but drew no inferences from this observation. Through 
the kindness of Dr. J. H. Bauer we have been able to examine the 
passage of our substance through graded collodion membranes 
by use of the apparatus and standardized membranes deseribed 
by Bauer and Hughes (9). Using a 0.5 per cent solution, we find 
that on filtration at 40 to 45 pounds pressure the filtrate passing 
through a membrane with average pore diameter of 3.78 my had 
one-third the concentration of the original solution; a membrane 
with average pore diameter of 3.00 my gave a filtrate of one-sixth 
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the concentration of the original solution; while a membrane with 
2.5 mu pores allowed none of the dissolved peptide to pass through 
it. For purposes of comparison it may be noted that egg albumin 
with a molecular weight generally estimated at 34,500 has a mole- 
cular size of 4.3 mu and has a filtration end-point of 6 mu, below 
which the substance does not pass. Our substance passes in 
limited amount through a membrane of average pore size of 3 Mu, 
indicating a molecular size of half that of egg albumin, te. 2.1 
my, and if it has the same density as most proteins, its molecular 
weight should be less than 5000. On the other hand, clupein 
sulfate, one of the simpler protamines, with an assumed mole- 
cular weight of at least 2000, under similar conditions readily 
passes through a membrane with average pore diameter of 2.20 
mu, While our substance fails to pass through pores of 2.50 my 
average diameter. We therefore tentatively conclude that the 
molecular weight of our substance is considerably greater than 
2000 and less than 5000 and that its molecular size approximates 
2.1 mu. 

It may be added as a curious fact that Congo red, which has 
been used in the treatment of pernicious anemia and which has 
a calculated molecular weight of 646 without allowing for molecu- 
lar association in solution, is almost completely held back by mem- 
branes with average pores of 3.76 mu and also by the viscose dialy- 
sis tubes used by us. 

Action of Enzymes— The action of erystalline pepsin, of pancrea- 
tie juice, and of erepsin has been described in our earlier paper. 
At the present time we wish simply to record two negative ex- 
periments that may have some interest for other workers. Rei- 
mann and Fritsch (10) have reported as much as a 30-fold increase 
in the potency of whole liver by its digestion with normal gastrie 
juice. This effect was also observed by Fouts, Helmer, and Zer- 
fas (11) but to a much less marked degree, and Flood and West 
(12) have observed a similar effect with liver subjected to the aec- 
tion of normal gastric juice in which pepsin has been destroved by 
the action of alkali. The mechanism of this effect is mot clear. 
Since pure crystalline pepsin has very little effect on the active 
liver product, it seemed to be worth while to determine whether 
depepsinized gastric juice had any effect on our purified liver 
product. Accordingly fresh normal gastric juice (25 cc.) ob- 
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tained by histamine stimulation was brought to pH 10 for half 
an hour and then brought back to neutrality. It was then incu- 
bated with 100 mg. of our purified product and at intervals up to 
48 hours aliquot parts were examined for evidence of increased 
amino nitrogen or carboxyl groups. Since no increase in either 
carboxyl groups or amino nitrogen occurred, it appears certain 
that depepsinized gastric juice does not hydrolyze our substance. 

It is generally believed that the curious phenomenon known as 
“nlastein” formation is concerned with the interaction of rennin 
and albumoses. Sinee our product possesses many of the proper- 
ties of an albumose, it appeared worth while to see whether rennin 
had any effect upon it. Using commercial rennin of high activity 
in neutral and faintly acid solution, we find that it exerts no ae- 
tion on the liver produet. 

Although not directly concerned with the immediate object of 
this paper, we may record the fact that we have investigated the 
possibility that pepsinogen as distinet from pepsin might be 
concerned in the action of Castle’s intrinsic factor which is gener- 
ally regarded as a necessary precursor of the active liver substance. 
Through the kindness of Doctors Northrop and Herriott, we have 
been able to secure highly purified pepsinogen preparations which 
on clinical testing have proved to be inert so far as a reticulocyte 
response is concerned, whether administered orally with marmite, 
or subcutaneously. Reference may be made to old observations 
by Glaesner (13) on a ferment which as regards distribution and 
conditions of action closely simulates Castle’s intrinsic factor. 
This enzyme which Glaesner describes as “pseudopepsin” clearly 
demands renewed investigation. 

Brief reference must be made to the results of other workers. 
Subbarow and Jacobson (14) still adhere to the view that at least 
three chemically distinet fractions are necessary for an optimum 
clinical response. They identify these as tyrosine, a complex 
purine, and a biuret-positive peptide.  Sinee tyrosine and purines 
are not in any of our preparations, it is hard to correlate their 
results with ours. On the other hand Strandell (15) has deseribed 
the clinical results of a preparation which apparently far sur- 
passes ours in activity, for maximal responses are claimed for 2 
mg., though it should be noted that some of Strandell’s material 
when tested by Wilkinson (3) showed rather less activity than our 
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present product. Wilkinson has also described more active prep- 
arations, but since no details of preparation or properties are given, 
we feel that it is impossible to discuss the results with profit. 
Since this paper was submitted for publication we have seen the 
chemical report by Laland and Klem (16) on the preparation of 
the highly active product which has been tested clinically by 
Strandell, Poulsson, and Schartum-Hansen (17). The method 
which is described in principle rather than in detail involves ad- 
sorption on active “coal’’ (charcoal?) followed by elution by 
phenol, and the subsequent use of organic solvents and also salting- 
out with ammonium sulfate. Laland and Klem/’s final product 
presents certain definite similarities and differences from ours 
and the recognition of these will certainly be of value in future 
work. For example, our own product like Laland and Klem’s 
is readily adsorbed by active charcoal. Thus we find that a 1 
per cent solution (100 ec.) stirred for half an hour with 1 gm. of 
active charcoal is adsorbed to the extent of 42 to 45 per cent, with 
2 gm. of charcoal 76 to 83 per cent is adsorbed, while with 3 gm. 
of charcoal adsorption is virtually complete. On elution of the 
charcoal with liquefied phenol at least SO per cent of our product 
may be recovered. On the other hand, elution of the charcoal 
with 60 per cent alcohol, with 0.2 N hydrochloric acid or disodium 
hydrogen phosphate does not liberate significant amounts of our 
product. Commercial albumose, e.g. Witte’s peptone, shows the 
same behavior towards charcoal and phenol, so that the procedure 
is in no sense specific for the liver product. We have been able 
to make a clinical test of our material that had been subjected to 
adsorption on charcoal and elution by phenol. 25 mg. given to a 
patient with an initial red blood cell level of 1.7 millions gave the 
satisfactory increase of reticulocytes to 19.7 per cent on the Sth 
day. The fact that Laland and Klem’s product is salted-out at 
least in part by ammonium sulfate is also in agreement with our 
results, as is also the formation of acid, basic, and neutral amino 
acids on hydrolysis, although none of them is identified by Laland 
and Klem. On the other hand, Laland and Klem deseribe their 
product as having definitely acid properties, as being bright vellow- 
red in color, and giving a positive Tollens’ reaction for pentose, 
and containing significant amounts of sulfur. Our product, on 
the other hand, is essentially neutral, is virtually colorless, gives 


tx 


H. DD. Dakin, C. C. Ungley, and R. West 785 


no trace of a pentose reaction with Tollens’ test, and contains no 
sulfur. 

In an earlier paper in this Journal (1) it was stated that “apart 
from the solubility properties of our preparations ... there is 
almost no point of agreement between the properties of the puri- 
fied preparations described by Cohn, MeMeekin, and Minot 

..and our own. For example...” As the points of differ- 
ences were but briefly mentioned and as there was no reference to 
Cohn’s last paper on this subject (18), which had escaped our 
notice, it may be useful for future workers to note the following 
quotations. From Cohn’s earlier papers: “... the aetive prin- 
ciple effective in pernicious anemia is not an amino acid but a 
nitrogenous base, the nitrogen of which exists as in a secondary or 
tertiary amine’ (19); “The active solution gave no precipitate 
with trichloroacetic acid ...no increase in amino nitrogen on 
hydrolysis ...’" (20); “Combined with acetic acid, it dissolved 
in such organic solvents as chloroform and carbon tetrachloride” 
(20); “... an active concentrate from which proteoses, peptones, 
and polypeptides had been removed, and suggested that the 
active principle was a base rather than a peptide’ (19). From 
Cohn’s last paper (18): “... the active principle is a relatively 
small, predominantly basic ... compound’; “The basic nature 
of the molecule was demonstrated by its precipitation by phos- 
photungstic acid, by mereuric acetate and by tannie acid in 
neutral solution’; “Beside being free from proteins, carbohydrates 
and lipoids, it appeared to be free from tryptophane and tyrosine, 
arginine... 2"; “The very small amount of... amino-nitrogen 
indicated by the Van Slyke nitrous-acid method .. . suggest{s] 
that we are not dealing with an alpha amino-acid but an w amino- 

.. acid”; “... pierie acid failed to precipitate the active prin- 
ciple until after the removal of the alpha amino-acids.” These 
quotations make obvious the dissimilarity between Cohn’s chemi- 
cal findings and our own. 


As before, the responsibility for the larger part of the chemical 
work rests with one of the authors (H. D. D.), while the other 
authors were solely responsible for the clinical tests. Our thanks 
are again due to all of those to whom we made acknowledgment 
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in our first paper. To Messrs. Eli Lilly and Company we are 
indebted for generous supplies of their liver extract, and for pre- 
paring kidney and brain extracts for us. Our thanks are also due 
to Armour and Company who through the kindness of Dr. Fenger 
supplied us with salivary gland preparations. 


SUMMARY 


Confirming our previous work, we find that the hematopoietic 
substance in liver is, or is associated with, a peptide, possessing 
many but by no means all the properties of an albumose.  Fur- 
ther purification of our earlier preparations has led to the coneclu- 
sion that an aminohexose (glucosamine) is not an essential com- 
ponent of the active molecule, for we have obtained by methods 
described in detail clinically active products containing no trace of 
glucosamine. The clinieal potency of our glucosamine-free pep- 
tide is about twice that of our earlier products. On hydrolysis 
the peptide vields arginine, leucine, glycine, proline, hydroxypro- 
line, aspartic acid, and an acid resembling hydroxyglutamiec acid. 
Ultrafiltration experiments with graded membranes indicate a 
molecular size of about 2.1 mu, and a molecular weight greater 
than 2000 and less than 5000.) Experiments on the effeet of alkali 
(ammonia and sodium hydroxide) are described, and results of the 
systematic salting-out of the substance with ammonium sulfate. 

Depepsinized gastric juice does not hydrolyze our peptide, 
nor is it concerned with plastein formation by the action of rennin. 

Kidney and brain do not yield a hematopoietic substance 
when subjected to the methods which were successful in the case 
of liver. The feeding of salivary gland tissue also failed to show 
clinical activity. 


Clinical Tests 


The following clinical tests are arranged in the order in which 
they are referred to in the text. In order to economize space, clini- 
cal histories are not included, nor are our negative results with 
the peptides from kidney, brain, with salivary glands, and with 
pepsinogen. The dose of peptide material from kidney and brain 
was 150 mg., given intramuscularly, derived from 600 gm. of 
kidney and 1250 gm. of fresh brain respectively. The salivary 
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glands were desiccated at low temperature and defatted with ace- 
tone. 10 gm. per day of the ground product were fed for a period 
of 10 days to a suitable case without effect. In all other cases the 
material was given by intramuscular injection in a single dose, 
except in Cases 7, 14, and 15, to whom daily injections were given. 


Qur thanks are due to Dr. Paul Reznikoff of the New York 


Hospital, to Dr. Thomas Fitz-Hugh, Jr., of the University Hospi- 
pital, Philadelphia, and to Professor Fk. J. Wayne of the University 
of Sheffield, England, for permitting us to treat patients on their 
Services, 
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Mann) 179 

See also Food 
Dihydrolysergic acid: Isomer 
(Jacons and Craig) 227 


Diiodotyrosine: Absorption spec- 
trum, ultraviolet 


223 

Dimethylglycine: buffer (Mr- 
CHAELIS and ScHUBERT) 

221 

Dinitrophenol: Muscle, frog, 


metabolism effect (RONzONI 
and EHRENFEST) 740 


Electric waves: Short, sterol col- 
loids, effect (Matisorr and 
STENBUCK) 


(ANDERSON) $23 
Enzymes: Proteolytic (Bere- 
MANN, Zervas, and Fruron) 
593 
See also Catalase, Papain, Pep- 
sin, Peptidase, Phosphatase, 

T yrosinase 
Ergot: Alkaloids 

CraiGc) 


(Jacops and 
227 


| | 

| 

| 

| 

| 
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Estrogenic 
folliculi, isolation (MacCor- 
QUODALE, ‘THAYER, and 
Dotsy) 435 

Ethyl alcohol: Determination 
(FRIEDEMANN and Ktaas) 

47 
F 


Fasting: Liver protein, effect 
(Appis, Poo,and Lew) 117 
Organ and tissue proteins, ef- 
fect (Appis, Poo, and Lew) 


11] 
Fibrin: Blood and 
NIEMANN) 


Food: Calcium, body calcium, 
relation (WHIrcHer, Bow- 
HER, and SHERMAN) 

Phosphorus, body calcium, re- 
lation (Wuircner, Boonrr, 
and SHERMAN) 679 

See also Diet 


G 
Glucuronic acid: Derivatives 
(Horcukiss and Gorpe.) 


Glutathione: Catalase inactiva- 
tion, effect (Marks) 


Cystine-deficient diet, utiliza- 
tion (Dyer and pv Vt- 


GNEAUD) 
Glycine: (Creatine precursor 
(BopaNsky) 
Dimethyl-, buffer (Micuar.is 
and SCHUBERT) 221 
Glycogen: Hypophvsectomy 
effect (Fisner, Russet, 


and Cort) 27 
Growth: Calcium phos- 
phorus intake levels, effect 

(Toerrer and SHERMAN) 


Guanidoacetic 


substance: Liquor Growth — continued: 


Protein intake, relation (Cown- 

NER and SHERMAN) HO5 
acid: (‘reatine 
precursor (BopANsKY) 641 


H 


Heart: Hypertrophy, lipoid phos- 
phorus (Lupewiac and 
CHANUTIN) 


| Hemagglutinin: Jack lean, in- 


Hydrogen ion 


activation, reversible, diva- 
lent metals, relation (Sum- 
Ner and Hower) SSS 
Hematopoietic substance: Liver, 


chemistry (Dakin, 
LeY, and West) 
Hemocyanin: Limulus polyphe- 
mus, evanide reaction 
(PEARSON) 
Hemoglobin: Formation, cop- 


per supplement to iron 
E.vensem, and 
Harr) 453 
Oxvgen affinity, altitude effect 
(Haws) 4S5 
Hemorrhage: <Anti-, vitamin, 
purification (ALMQUIST) 
concentration: 
Blood, determination, glass 
electrode (SENDROY, SHED- 
LOVSKY, and Betcner) 520 
Hypophysis: Pituitary 


I 


Insulin: Blood lactic acid, ad- 
renal medulla removal and, 
effect (Scorr and Bera) 

adrenal 


Purine metabolism, 


medulla and, relation (Lar- 
son and Brewer) 279 


« | 
| 
| 
; 


Subjects 


Intestine: Phosphatase, a-amino 
acids and magnesium, effect 
(BopANsKY) 

Iron: Hemoglobin formation, 
copper supplement (ScHuUuLtT- 
ze, Envensem, and Harr) 


453 
Tissues, distribution, normal 
and anemic rats (WAKEHAM 
and 424 

J 

Jack bean: Sve Bean 

Kidney: Iivpertrophy, lipond 


phosphorus (Lupewia and 
CHANUTIN) 
Phosphatase, a@-amino acids 
and magnesium, effect (Bo- 


DANSKY) 101 
L 

Lactic acid: Blood, insulin and 
adrenal medulla removal, 

effect (Scorr and Bera) 
163 
Limulus polyphemus:  Hemo- 
cyanin, evanide reaction 
(PEARSON) 71 


Lipids: Blood cell, red, extrac- 


tion (Boyp) 32 


Lipoid phosphorus: Hearts and 
kidnevs, 
(Lepewic and CHanutin) 


$27 | 


Liquor folliculi: l.strogenic sub- 
stance isolation (MacCor- 
QUODALE, ‘THAYER, 
Dory) 

Lithocholic acid: 
from cholesterol (ScHoErn- 
and Beruiner) 19 


hypertrophied | 


and 


Preparation | 
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Liver: Hematopoietic substance, 
chemistry (DaAKkIN, UNGLEyY, 
and West) 771 

Ilepatectomy, partial, blood 
plasma cholesterol and phos- 
pholipid phosphorus, effect 
(CHaANuUTIN and 


Phosphate compounds, autol- 

ysis effect (FLock) 207 

, diet effect (FLock, 

and Mann) 179 

substances affecting 

(Frock, and 

MANN) 201 

Protein, fasting effeet (Appts, 

Poo, and Lew) 117 


Proteins, storage (Luck) 491 
Lysergic acid: Dihydro-, isomer 


(Jacoss and CRAIG) 227 
Structure (Jacobs and Craig) 

227 


Lysine: </-, resolution (Bere) 


Magnesium: Kidney and intes- 
tinal phosphatases, effect 
(BopANskyY) Lol 

Metabolism: Intermediary, deu- 

| terium as indicator (SCHOEN- 

HEIMER, Rirrennera, Bera, 
and Rousse.vor) 
Purine, insulin and adrenal 
medulla, relation (LARSON 
and Brewer) 279 

Metals: Divalent, jack bean 

hemagglutinin inactivation, 

reversible, relation (SUMNER 
| and Howe.) SSS 

Methionine: Proteins, determi- 

| nation (BAERNSTEIN) 25,33 


| 
| 
| eM 
| 
| 
| 
| 
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Muscle: Frog, metabolism, dini- 
trophenol effect (RoNzont 
and ENRENFEST) 749 


Nitriles: Aliphatic, homologous 
series, optical rotations and 
rotatory dispersions (Le- 
VENE, Roruen, and Marker) 

253 

Nitrogen: Non-protein, tissue, 

determination (Merzincescu 


and Szano) 131 

Partition, tissues (Ayres and 

LEE) 139 

--urine, Primates (RuHEIN- 

BERGER) SAS 
O 


Organs: Protein, fasting effect 
(Appts, Poo, and Lew) 111 
Oxygen: Hemoglobin affinity, al- 
titude effect (Hat) 485 


P 


Papain: Peptidase I, specificity 
(BERGMANN, ZerRvas, and 
FRUTON) 593 

Parathyroid: Tetany, blood ser- 
um phosphates, relation 
(JONES) 371 

Pepsin: Thyroid protein digest, 
thyroxine (Foster, PALMER, 
and LELAND) 467 

Peptidase: |, papain specificity 
(BERGMANN, Zervas, and 


FrvutToN) 593 
Phenol(s): Determination 
(STOUGHTON ) 203 


Dinitro-, muscle, frog, metab- 
olism effect (Ronzont and 
EHRENFEST) 749 


Phosphatases: Intestine, a- 
amino acids and magnesium, 
effect (BopaNsky) 101 

Kidney, a@-amino acids and 
magnesium, effect (Bo- 
DANSKY) 10] 

Phosphate(s): Blood serum, 

parathyroid tetany, relation 


(JONES) 371 
Compounds, liver, autolysis 
effect (PLock) 207 


diet effect (FLock, 
and Mann) 179 
—, substances affecting 
(Lock, BoLLMAN, and 
MANN) 201 
Phosphoglycerate: (War- 
WEG and STEARNS) 
Phospholipid: Blood, as trans- 
port mechanism (SINCLAIR) 

Phosphorus, blood plasma, 
hepatectomy, partial, and 
bile duct ligation, effect 
(CHanutTin and Luprwia) 

Phosphorus: Acid-soluble organ- 
ic, blood, hydrolysis, acid 
and enzyme (Warwese and 
STEARNS) 
Calcium and, intake levels, 
body calcium and growth, 
effect (Toerren and Suer- 
MAN) 
Food, body calcium, relation 
(Wuircuer, Booner, and 
SHERMAN) O79 
Lipoid. See Lipoid phosphorus 
Phospholipid, blood plasma, 
hepatectomy, partial, and 
bile duct ligation, effect 
(CHanuTin and Lupewiae) 
l 
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Subjects 


Phthiocol: Tubercle bacillus, 
human, absorption spectrum 
curve, ultraviolet (Crowe) 

479 

Pigment: Tubercle bacillus, hu- 
man, absorption spectrum 
curve, ultraviolet (Crowe) 

479 

Pituitary: Hypophysectomy, gly- 
cogen disappearance and car- 
bohvdrate oxidation 
eR, Russecyi, and Cort) 

27 

Primates: Urine nitrogen parti- 
tion (RHEINBERGER) 343 

Propionic acids: Disubstituted, 
with ethyl group, configura- 
tional relationship (LeveNnr, 
Roruen,and Meyer) 401 

Protein(s): Cystine determina- 
tion (BAERNSTEIN) 33 

Denaturation and hydration 
(Nevratuand Butt) 519 
Intake, growth and calcifica- 
tion, effect (Conner and 
SHERMAN) 
Liver, fasting effect (Appts, 
Poo, and Lew) 117 
storage (Luck) 491 
Methionine determination 
(BAERNSTEIN) 25, 33 
Organs, fasting effect (Appts, 


Poo, and Lew) 111 
Structure (BERGMANN and 
NIEMANN) 77 
Sulfur, determination (BAEBRN- 
STEIN) 33 
Thyroid, peptic digest, thy- 
roxine (Foster, PaLmeEr, 
and LELAND) 467 


Tissues, fasting effect (Appts, 
Poo, and Lew) 111 


807 


Protein(s)—continued: 
Tobacco mosaic virus, erystal- 
line, preparation (STANLEY) 
673 
Proteolysis: [Enzymes (Bere- 
MANN, Zervas, and Fruton) 
593 
Purine: Metabolism, insulin and 
adrenal medulla, relation 
(Larson and Brewer) 279 


Ray: Cathode. See Cathode ray 
Ribulose: Preparation (Levene 
and Tipson) 731 


Sodium 3,5-dinitrobenzoate: 
Creatinine determination, 
use (LANGLEY and Evans) 

333 

Sterol: Colloids, short electric 

waves, effect (MaAtisorr and 


STENBUCK) S7 
Sulfur: Proteins, determination 
(BAERNSTEIN) 33 

T 
Tetany: Parathyroid, blood 
serum phosphates, relation 
(JoNnEs) 371 


Thevetin: (LpERFIELD) 247 

Thyroglobulin: Absorption spec- 
trum, ultraviolet (Herpr) 

223 

Thyroid: Calorigenic potency 

(Foster, Parmer, and Le- 

LAND) 467 

Protein, peptic digest, thy- 

roxine (Foster, PALmer, 

and LELAND) 467 


| 
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SOS Index 


Thyronine: Absorption spec- 
trum, ultraviolet (Hrmpr) 


Thyroxine: Absorption  spec- 
trum, ultraviolet (Hertpr) 


l-, and dl-, calorigenic poten- 
cies, comparison (FostTer, 
Patmer, and LELAND) 467 

Thyroid protein peptic di- 
gest (Foster, Parmer, and 


LELAND) 467 
Tissues: Nitrogen partition 
(Ayres and Leg) 139 
Protein, fasting effect (Appts, 
Poo, and Lew) 111 
Tobacco: Mosaic virus protein, 
crystalline, preparation 
(STANLEY) 


Tubercle _ bacillus: Human, 
phthiocol, absorption spec- 
trum curve, ultraviolet 
(CROWE) 47% 

Tyrosinase: Catechol oxidation 
product, relation (WaAGREICH 


and NELSON) 459 
Tyrosine: Absorption spectrum, 
ultraviolet 22: 


Tyrosine continued: 
Diiodo-, absorption spectrum, 
| ultraviolet 223 


U 


Urates: Blood, distribution 
and SHERMAN) 

361 

Urine: Primates, nitrogen par- 

tition (RHEINBERGER) 343 


Vv 


Vitamin(s): Antihemorrhagie, 
purification (ALMQUIST) 


Is complex, third factor, mul- 
tiple nature (Lerkovsky, 
Jukes, and Krause) 557 
adrenals, distribution, de- 
velopment relation (GLIcK 
and Biskinp) 551 
D formation, cathode rays, 
effect (HorrmMan and Dan- 


IELS) 119 

x 
Xylulose: Preparation (Levene 
| and Tipson) 731 
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~ CLINICAL MODEL 


The International “Clinical Model’ Centrifuge, with 
its builé-dn protective guard bowl, operates either a 
two of four tube head at a full 2,600 R. P. M. with 
perfect eafety. has a maximum capacity of 300 

Centrifugal Force of even a small centrifuge at 

R. P. M. calle for a protective guard. For the 
General Practitioner and as an euxiliary in hospital 
end sessarch laboratories, the Clinical Medel (in design 


end workmanship the equal of the largest Inter- 


national Centrifuge) is unequalled and yet reasonably 
priced. 


The Clinical Model 
INTERNATIONAL CENTRIFUGES 


are made in many sises to meet the different require 
mente for epesd and capacity. There is an Inte- 


national for any job. 
Standard glassware is used in a wide assortment of 


heads for International Centrifuges —heads holding as 


many eas 06 vials, others with 6 bottles of 509 mi. 
pacity. 
Stainless Stesl, Manel Metal, Rubber Coated Steel and 
Manganese B: 


Co. 


Basket type heads are now available in 


352 Western Ave 


|LaMOTTE SERVICE 
TO THE 
BIOLOGICAL 
CHEMIST 


LaM 
CHEMICAL PRODUCTS COs 
Oviginatere of Application of 9 


| Light Strest, Baltimore, Md. 


3,000,000 U.S. P. units 
gram. This material ts | 
available te research werk- 
{ ers at the courtesy price of | 
$5.00 per gram. Inquiries 
NATIONAL OfL PRODUCTSCO. 
Harrison, N. J. 
a 
of culture media, serums, mil 
} LaMotte Simplified Blood Chem 
iH | |) Deter Mixtures, 
Peal Full information will be sent @ 
5 
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